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INTRODUCTION 


Ovarian  cancer  is  the  most  common  cause  of  death  from  gynecologic  malignancies  in  the  United  States  (1). 
Most  women  with  epithelial  ovarian  cancers  are  diagnosed  with  advanced,  metastatic  disease  characterized  by 
widespread  peritoneal  carcinomatosis  and  abdominal  ascites  (2).  Overcoming  tumor  resistance  to  platinum 
chemotherapy  is  a  key  objective  for  prolonging  life  in  women  with  advanced  disease.  The  nuclear  factor- 
kappaB  (NF-kB)  signaling  pathway  is  known  to  play  an  important  role  in  several  malignancies,  including 
ovarian  cancer  (3-8).  Constitutive  activation  of  NF-kB  is  observed  in  a  large  subset  of  ovarian  tumors,  is 
associated  with  tumor  growth,  progression  and  resistance  to  chemotherapy,  and  is  an  important  molecular  link 
between  inflammation  and  cancer  (3-8).  Inhibitors  of  NF-kB  are  known  to  suppress  angiogenesis  and 
progressive  tumor  growth  (9),  and  potentiate  the  anti-tumor  activity  of  cytotoxic  agents  (10),  in  ovarian  cancer 
cells.  One  example  is  thymoquinone,  a  product  of  the  medicinal  plant  Nigella  sativa  (11).  Thus,  a  promising 
strategy  in  ovarian  cancer  treatment  is  the  combination  of  NF-kB  inhibitors  with  current  platinum-based 
regimens.  Equally  relevant,  but  far  less  understood  are  the  potential  effects  of  NF-kB  inhibition  in  host  cells. 
Host  macrophages  are  thought  to  play  a  pro-tumor  role  during  ovarian  cancer  progression,  at  least  in  part  via 
aberrant  NF-kB  signaling  activity  (12)  in  these  macrophages,  designated  M2.  These  M2-like,  tumor-associated 
macrophages  may  be  a  target  for  therapy  through  “re-education”  towards  a  cytotoxic  (Ml),  anti-tumor  function 
by  NF-kB  inhibition  (12).  However,  major  gaps  in  knowledge  still  remain  regarding  the  specific  infiuence 
of  NF-kB,  and  the  consequences  of  inhibiting  its  activity,  in  cancer  cells  and  host  cells  during  ovarian 
cancer  progression.  We  will  use  an  innovative  strategy  to  define  patterns  of  NF-kB  activity  in  ovarian  cancer 
cells  and  in  host  cells  during  peritoneal  carcinomatosis  in  vivo  in  a  unique  preclinical  model.  Mouse  ID8 
ovarian  cancer  cells  will  be  injected  intra-peritoneally  into  NF-kB  reporter  transgenic  mice  expressing  a  green 
fluorescent  protein  (GFP)/luciferase  fusion  product  under  the  control  of  a  synthetic  NF-kB -dependent  promoter 
(13,  14),  allowing  intra- vital  mapping  of  NF-kB  activity  in  the  host  during  tumor  development.  In  a 
complementary  approach,  ID8  cells  stably  transfected  with  the  NF-kB  reporter  will  be  monitored  in  wild-type 
mice  to  study  measure  NF-kB  activity  in  the  developing  tumor.  Completion  of  the  proposed  work  will  not  only 
provide  a  unique  insight  into  the  role  of  NF-kB  in  ovarian  cancer  progression,  but  also  provide  a  powerful  tool 
for  the  preclinical  testing  of  NF-kB  inhibitors  as  single  agents,  or  as  combination  therapy  to  help  overcome 
resistance  to  established  treatment. 

The  hypothesis  to  be  tested  is  that  ovarian  tumor  progression  depends  on  NF-kB  activation  in  both  malignant 
ovarian  epithelial  cells  and  host  macrophages  in  the  peritoneal  microenvironment.  Our  objectives  are  (1) 
defining  the  pattern  of  NF-kB  activity  in  the  host-tumor  microenvironment  during  ovarian  cancer  progression 
and  (2)  evaluating  consequences  of  inhibiting  NF-kB  activity  in  tumor  and  host  cells  during  ovarian  cancer 
progression  via  treatment  with  NF-kB  inhibitors  alone  and  in  combination  with  cisplatin  chemotherapy. 
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BODY 


Task  1.  Define  the  pattern  of  NF-kB  activity  in  the  host-tumor  microenvironment  durine  ovarian  cancer 
progression. 

Sub-task  la. 

We  have  published  our  observations  characterizing  the  IDS  mouse  ovarian  cancer  cells  stably  transfected  with 
the  NGL  reporter  (ID8-NGL),  including  response  to  TNF-a  and/or  IL-ip  stimulation  by  increased  NF-kB 
reporter  activity  [Figure  1  in  ref  (15)]. 

Sub-task  lb. 

We  confirmed  that  bone  marrow-derived  macrophages  harvested  from  NGL  reporter  mice,  designated  BMDM- 
NGL,  also  respond  to  TNF-a  stimulation  with  approximately  2-fold  increase  in  NF-kB  reporter  activity  in  these 
cells  (Fig  IB).  This  result  provides  supporting  evidence  for  our  Task  Id  studies  by  demonstrating  a  robust 
response  of  cells  derived  from  NGL  reporter  mice  to  NF-kB  stimulation. 

Sub-task  Ic. 

We  have  published  our  data  showing  that  ID8-NGL  cells  form  reproducible  tumors  and  irreversible  ascites  in 
C57BL/6  mice  over  a  period  of  up  to  90  days,  and  that  bioluminescence  imaging  (BLI)  and  luciferase  assay 
analysis  of  the  NGL  reporter  reliably  tracks  NF-kB  activity  in  tumors,  which  increases  in  a  time-dependent 
manner  during  progression.  Besides  measuring  NF-kB  reporter  activity,  we  validated  two  independent  measures 
of  NF-kB  function  in  tumors:  western  blot  analysis  of  nuclear  p65  expression  and  immunofluorescence  (IF) 
analysis  of  phosphorylated  p65  expression.  In  addition,  we  validated  other  assays  measuring  multiple  other  end¬ 
points  which  will  be  used  in  Tasks  2&3:  indices  of  tumor  burden,  expression  of  the  GFP  reporter  and 
proliferation  marker  Ki67  in  tumors,  and  analysis  of  ascites  fluid  to  define  specific  cell  populations  through 
differential  morphology  cell  counts,  and  quantitative  real-time  PCR  (QPCR)  and  IF  analysis  of  macrophage 
markers  associated  with  anti-tumor  (MI)  or  pro-tumor  functions  (M2).  These  results  are  presented  in  Figures  2- 
5  of  ref  (15). 

Sub-task  Id. 

Our  second  syngeneic  model  utilized  NGL  transgenic  reporter  mice,  which  express  the  NF-kB  reporter  in  every 
cell  of  the  body,  injected  with  wild-type  ID8  cells. 

We  were  unable  to  overcome  the  technical  limitations  of  measuring  NF-kB  activity  in  host  cells  by  BLI,  which 
we  described  in  previous  Annual  Reports.  As  shown  in  Fig  2,  we  detected  decreased  detection  of  NGL  reporter 
activity  at  later  time  points  following  injection  of  ID8  cells,  for  either  raw  abdominal  luminescence  or  when 
abdominal  luminescence  was  normalized  to  corresponding  brain  signal.  In  contrast  to  ID8-NGL  tumors,  which 
form  a  macroscopic  solid  mass,  host  cells  in  the  tumor  microenvironment  will  be  present  as  single  cells  or 
potentially  small  clusters  of  cells.  The  signal  may  also  be  “damped”  by  the  presence  of  ascites  fluid,  which  is  a 
feature  of  our  syngeneic  model.  Therefore,  the  sensitivity  of  detection  of  reporter  activity  in  individual  cells  in 
the  peritoneal  cavity  is  likely  to  be  below  the  limits  of  the  in  vivo  imaging  device  used. 

We  dissected  the  host  inflammatory  cell  component  of  ascites  and  peritoneal  lavage  fluids  from  ID8-injected 
and  mock  (PBS)-injected  mice,  respectively,  following  isolation  of  macrophages  by  differential  adhesion  (Fig 
3A).  We  performed  luciferase  assays  on  the  isolated  adherent  cell  population,  and  showed  that  there  was  (i) 
increased  NF-kB  reporter  activity  in  macrophages  harvested  from  tumor-bearing  mice  compared  to  mock- 

5 


injected  mice  and  (ii)  NF-kB  activity  increased  in  macrophages  over  the  duration  of  tumorigenesis,  since 
reporter  activity  was  markedly  elevated  at  60  days  compared  to  30  days  in  tumor-bearing  mice  (Fig.  3B). 

Our  attempts  to  analyze  host  cell  populations  by  flow  cytometry,  as  originally  intended,  were  not  successful,  as 
we  were  unable  to  overcome  the  prohibitive  background  fluorescence  present  in  ascites  samples. 

Sub-task  le. 

We  performed  an  experiment  to  determine  the  effect  of  the  macrophage  inhibitor,  liposomal  clodronate,  on 
tumorigenesis.  This  study  was  conducted  following  technical  advice  from  the  laboratory  of  Dr  Timothy 
Blackwell  to  help  guide  the  technically  challenging  task  of  preparing  the  clodronate  formulation.  Dr  Blackwell 
is  a  consultant  on  this  grant  who  has  published  previously  on  the  use  of  clodronate  (16). 

Clodronate  was  administered  IP  from  30-60  days  following  injection  of  ID8-NGL  cells  into  BL/6  mice.  Control 
groups  used  were  vehicle  only  (PBS)  and  mice  receiving  empty  liposomes  (EL).  As  shown  in  Figs.  4A-C, 
clodronate  treatment  significantly  inhibited  ascites  formation  and  reduced  the  number  of  peritoneal  implants 
and  mesenteric  tumor  mass.  These  results  suggest  the  importance  of  peritoneal  macrophages  to  ovarian  cancer 
progression.  We  confirmed  a  reduction  in  macrophages  by  F4/80  staining  of  cytospin  slides  (Figs.  4D&E). 

Milestone  #1:  We  have  published  results  from  experiments  undertaken  in  Sub-tasks  la  and  Ic.  These  studies 
demonstrated  a  marked  increase  in  tumor  NF-kB  activity  during  late  stages  of  tumorigenesis,  validated  various 
methods  of  analyzing  tumor  cells  and  peritoneal  M2-like  and  Ml -like  macrophage  populations  from  ascites 
fluid  or  peritoneal  lavages,  and  established  the  robustness  of  our  ID8-NGL  cells  as  a  model  for  monitoring  NF- 
kB  activity  in  tumor  cells  following  drug  treatment  (Tasks  2  and  3).  We  also  established  the  complementary 
model  of  growing  ID8  cells  in  NGL  reporter  mice  in  order  to  track  NF-kB  activity  in  host  cells  during  ovarian 
cancer  progression.  We  showed  increased  NF-kB  reporter  activity  in  host  macrophages  during  ovarian  cancer 
progression,  and  that  clodronate-sensitive  macrophages  play  a  role  in  ovarian  cancer  progression. 

Task  2.  To  determine  the  consequences  of  reducing  NF-kB  response  in  tumor  and  host  cells  by  treatment 
with  NF-kB  inhibitors. 


Sub-task  2a. 

Effects  of  the  NF-kB  inhibitor  thymoquinone  (TQ)  in  cells  cultured  in  vitro  are  summarized  in  Fig  5.  We  have 
validated  that  short-term  treatment  with  TQ  decreased  the  stimulatory  effects  of  TNF-a  on  NF-kB  reporter 
activity  in  ID8-NGL  (Fig.  5A&B)  and  BMDM-NGL  cells  (Fig.  5C).  When  cells  were  treated  for  longer  periods 
with  TQ,  we  observed  a  concentration-dependent  reduction  in  NF-kB  reporter  activity  after  24h  (Fig.  5D)  and 
cell  growth  after  72h  (Fig.  5E),  and  induction  of  cell  apoptosis  (Fig.  5E).  A  portion  of  these  data  were  presented 
in  Figure  1  in  ref  (15). 

Sub-task  2b. 

In  order  to  determine  the  effects  of  NF-kB  inhibition  on  tumor  NF-kB  activity  and  on  ovarian  cancer 
progression,  we  compared  the  response  of  ID8-NGL  tumor-bearing  mice  to  TQ  and  vehicle-only  treatment.  30 
days  after  tumor  injection,  mice  were  randomized  to  vehicle  and  TQ-treated  groups  and  treated  for  30  days 
before  sacrifice  at  day  70,  as  outlined  in  Fig  6 A. 

Treatment  of  tumors  with  TQ  produced  several  unanticipated  results. 

First,  TQ  treatment  resulted  in  significantly  greater  ascites  volume  at  sacrifice  (Fig.  6B&C).  In  contrast,  in 
counts  directly  measuring  tumor  burden,  there  were  no  significant  differences  in  the  number  of  peritoneal 
implants  and  mesenteric  tumor  mass  between  vehicle  and  TQ-treated  mice  (Fig.  6D&E).  We  have  subsequently 
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repeated  experiments  with  TQ  and  have  confirmed  these  results  are  reproducible  (described  in  later  sections  of 
Task  2  and  in  Task  3). 

Second,  levels  of  NF-kB  reporter  activity  in  tumor  cells  from  TQ-treated  mice  measured  in  vivo  were 
significantly  higher  compared  to  vehicle-treated  mice  (Fig.  7A).  We  confirmed  increased  NF-kB  reporter 
activity  in  TQ-treated  tumors  by  luciferase  activity  assays  in  snap-frozen  tumors  harvested  at  sacrifice  (Fig  7B). 
Representative  BLI  images  are  shown  in  Fig  1C.  Up-regulated  NF-kB  activity  in  tumors  was  also  demonstrated 
by  western  blot  detection  of  nuclear  p-65  expression  in  tumors  harvested  from  TQ-treated  mice  (Fig.  8A&B). 

We  performed  immunofluorescence  staining  of  tumors  to  determine  effects  of  TQ  on  cell  proliferation  and 
apoptosis.  Consistent  with  its  in  vitro  effects,  TQ  treatment  resulted  in  a  reduction  in  the  percentage  of  tumor 
cells  positive  for  the  proliferation  mark,  Ki67/mib-l  (Fig.  9A&B),  and  small  increase  in  apoptosis  (Fig. 
lOA&B).  We  also  demonstrated  that  nuclear  phosphorylated  p65  was  co-expressed  with  Ki67/mib-l  in  a  subset 
of  cells  from  both  vehicle  and  TQ-treated  tumors  (Fig  9A).  However,  the  proportion  of  Ki67-positive  cells  also 
expressing  phosphorylated  p65  was  significantly  increased  in  TQ-treated  tumors  compared  to  vehicle  (Fig.  9C), 
consistent  with  our  luciferase  assay  and  western  blot  data. 

Cytospin  analyses  revealed  that  macrophages  were  the  predominant  inflammatory  cell  population  present  in  the 
peritoneal  cavity  of  either  vehicle  or  TQ-treated  mice  (Fig  1 1  A).  In  contrast,  the  overall  number  of  macrophages 
harvested  increased  significantly  with  TQ  treatment  (Fig  IIB),  suggestive  of  an  elevated  inflammatory 
response.  We  then  quantified  the  presence  of  tumor  cells  in  ascites  fluid  by  luciferase  assay  of  the  tumor  cell- 
specific  NF-kB  reporter  in  cell  pellets  from  ascites  fluid.  As  shown  in  Fig  IIC,  there  was  increased  NF-kB 
reporter  activity  in  tumor  cells  in  the  ascites  from  TQ-treated  mice. 

To  directly  compare  the  effects  of  short-term  versus  longer-term  exposure  to  TQ  in  our  model  system,  we 
conducted  a  pilot  experiment  where  lD8-NGL-injected  mice  were  treated  with  TQ  for  either  10  days  or  30d 
days,  starting  at  1  month  after  tumor  cell  injection.  Because  of  the  limited  amount  of  macroscopic  tumor 
observed  at  the  time  of  sacrifice  for  the  10  day  treatment  group,  we  were  unable  to  accurately  quantify  drug 
effects  on  tumor  burden.  Furthermore,  as  expected,  no  ascites  was  observed  at  this  relatively  early  stage  of 
tumor  progression.  We  prioritized  snap-freezing  tumors  for  luciferase  assays,  and  determined  that  TQ  treatment 
reduced  NGL  reporter  activity  by  approximately  25%  in  tumors  in  luciferase  assays  compared  to  vehicle-treated 
tumors  at  10  days  of  treatment  (Fig.  12A).  In  contrast,  30  day  treatment  with  TQ  resulted  in  upregulation  of  NF- 
kB  reporter  activity  (Fig.  12A).  NF-kB  reporter  activity  data  for  the  10  day  time  point  only  were  presented  in 
Figure  6  in  ref  (15). 

Reduced  NF-kB  activity  with  short-term  TQ  treatment  was  associated  with  significantly  reduced  levels  of  the 
M2  macrophage  markers  mann-R  and  IL-10  in  peritoneal  lavage  fluid  (Fig.  12B).  Therefore,  macrophage 
populations  may  be  shifted  towards  an  “anti-tumor”  Ml  phenotype  by  reducing  NF-kB  activity  in  tumor  cells. 
In  contrast,  elevated  NF-kB  activity  in  tumor  cells  resulting  from  long-term  TQ  treatment  induced  robust 
increases  in  both  M2  macrophage  marks  with  a  smaller  increase  in  CCL3  (Fig.  12B).  These  disparate  effects 
were  reflected  in  a  significant  reduction  in  the  mannR:CCL3  expression  ratio  at  10  days  and  a  marked  increase 
at  30  days  (Fig.  12C).  NGL  reporter  and  QPCR  data  for  mann-R  and  CCL3  expression  in  macrophages  for  the 
10  day  time  point  only  were  presented  in  Figure  6  in  ref  (15). 

Sub-task  2c. 

We  also  performed  an  experiment  evaluating  the  effects  of  TQ  on  NF-kB  reporter  activity  and  tumor  burden  in 
NGL  reporter  mice  injected  with  ID8  cells.  Mice  were  treated  with  vehicle  or  TQ  from  day  30-60  following 
tumor  cell  injection,  and  sacrificed  following  the  end  of  treatment.  BLI  was  performed  at  baseline,  30d,  and  60d 
in  a  subset  of  the  mice  (Fig  13A).  Minimal  overall  changes  were  observed  between  vehicle  and  TQ-treated 
groups  when  NF-kB  reporter  activity  was  quantified  (Fig  13B).  In  contrast  to  the  experiment  described  in  Task 
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Id,  there  was  no  significant  reduction  in  NF-kB  reporter  activity  during  ovarian  cancer  progression  under  basal 
conditions  (that  is,  in  vehicle-treated  mice). 

We  repeated  the  experiment  comparing  ID8-injected  mice  treated  with  vehicle  or  TQ  to  dissect  more  carefully 
the  host  inflammatory  cell  component  of  ascites  fluid  or  peritoneal  lavages.  Mice  were  sacrificed  at  60  days  and 
macrophages  isolated  by  differential  adhesion.  Luciferase  assays  on  the  isolated  macrophage  population  showed 
that  TQ  treatment  induced  an  approximately  2-fold  overall  increase  in  NF-kB  reporter  activity  (Fig.  14A), 
accompanied  by  significant  increases  in  mRNA  expression  of  both  M2  mann-R  and  IL-10  macrophage  marks 
and  the  Ml  CCL3  mark  (Fig.  14B).  Consistent  with  the  results  from  our  ID8-NGL  cells,  ascites  volume  at 
sacrifice  was  significantly  higher  with  TQ  treatment  (Fig  14C),  but  the  number  of  peritoneal  implants  and 
mesenteric  tumor  mass  were  not  significantly  different  between  vehicle  and  TQ-treated  mice  (Fig  14D&E). 

It  is  unclear  at  present  if  NF-kB  activity  is  elevated  in  M2  or  Ml  populations  or  both.  A  possible  immunological 
mechanism  for  promotion  of  tumor  progression  through  systemic  NF-kB  inhibition  is  that  anti-tumor  Ml 
cytotoxic  macrophages  may  require  NF-kB  signaling  for  normal  function,  and  NF-kB  inhibitors  impair  their 
ability  to  efficiently  target  tumor  cells  (17).  However,  this  will  remain  speculative  until  NF-kB  activity  can  be 
tracked  in  specific  M2  and  Ml  macrophage  populations.  Like  other  NF-kB  inhibitors  utilized  clinically,  such  as 
curcumin  and  bortezomib,  TQ  is  not  a  specific  inhibitor  of  NF-kB.  This  may  also  potentially  underlie,  at  least  in 
part,  the  augmented  inflammatory  response  observed  in  our  Task  2  studies.  This  would  also  be  consistent  with  a 
recent  study  in  a  lung  cancer  model  showing  that  prolonged  treatment  with  the  NF-kB  inhibitor  bortezomib  has 
pro-inflammatory  effects  and  promotes  tumor  progression  (18).  In  contrast,  short  exposure  to  bortezomib 
produces  the  anticipated  effects  of  inhibiting  tumor  cell  growth  in  that  study. 

Milestone  #2:  Results  of  a  portion  of  these  studies  have  been  published  (15),  and  a  majority  of  the  remaining 
studies  from  Task  2  have  been  presented  in  scientific  meetings  and  will  form  part  of  a  manuscript  that  will  be 
submitted  to  Cancer  Biology  and  Therapy  (see  attached).  Our  results  indicate  that  TQ  has  more  complex  effects 
in  vivo  than  in  vitro.  There  were  contrasting  effects  of  short-term  (10  day)  and  longer-term  (30  days)  exposure 
of  tumor- injected  mice  to  TQ.  Compared  to  vehicle,  short-term  treatment  reduced  NF-kB  reporter  activity  in 
tumors  accompanied  by  increased  expression  of  the  Ml -like  macrophage  marker  CCL3,  suggestive  of  anti¬ 
tumor  activity.  Longer-term  TQ  treatment  induced  modest  overall  anti-proliferative  and  pro-apoptotic  effects  in 
tumors,  consistent  with  results  in  cultured  cells.  However,  there  was  markedly  increased  ascites  formation  with 
long-term  TQ  treatment  in  tumor- injected  mice  accompanied  by  increased  overall  NF-kB  activity  in  both 
tumors  and  peritoneal  macrophages,  with  no  overall  difference  in  tumor  burden.  Moreover,  TQ  induced  a 
dramatic  increase  in  expression  of  M2-like  macrophage  markers  isolated  from  ascites  fluid.  Increased  ascites  in 
response  to  prolonged  exposure  to  systemic  NF-kB  inhibitors  has  high  potential  relevance  to  the  clinic,  since 
select  NF-kB  inhibitors  are  being  used  as  mono-therapy  and  in  combination  with  other  chemotherapeutic  drugs 
in  clinical  trials  in  ovarian  cancer  patients.  The  interaction  between  TQ  and  established  cisplatin  chemotherapy 
was  dissected  in  our  Task  3  studies. 

Task  3.  To  evaluate  NF-kB  activity  in  host  and  tumor  cells  and  efficacy  of  treatment  with  NF-kB  inhibitors 
in  combination  with  cisplatin). 

Sub-task  3a. 

Effects  of  TQ  in  combination  with  cisplatin  in  ID8-NGL  cells  cultured  in  vitro  are  summarized  in  Fig  15.  In 
sulforhodamine  B  (SRB)  cytotoxicity  assays,  we  showed  that  TQ  and  cisplatin  act  synergistically  to  reduce  cell 
growth  through  isobologram  analysis  (19),  as  evidenced  by  a  Combination  Index  significantly  less  than  1  at 
Effective  Dose  (ED)50,  ED75  and  ED90  (Fig.  15A&B).  Moreover,  the  pro-apoptotic  effects  of  cisplatin  are 
markedly  enhanced  by  combination  TQ  treatment  (Fig.  14C),  indicating  apoptosis  induction  is  an  important 
mechanism  of  action  of  the  anti-tumor  effects  of  the  combined  drugs.  Consistent  with  our  previous  observations 
(15),  TQ  reduced  NF-kB  reporter  activity  by  approximately  50%  in  luciferase  assays  after  24  hour  treatment. 
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Cisplatin  induced  a  modest,  but  statistically  significant,  increase  in  NF-kB  reporter  activity  (20.1  +_2.7%,  p  = 
0.045)  (Fig  15D),  which  was  reduced  to  levels  comparable  to  TQ  alone  by  eombining  TQ  and  cisplatin. 
Collectively,  these  results  suggest  a  link  between  NF-kB  inhibition  and  enhanced  response  to  cisplatin  in 
cultured  cells. 

Sub-task  3b. 

In  these  studies,  we  wished  to  determine  the  effeets  of  combined  TQ  and  cisplatin  treatment  on  tumor  burden, 
tumor  NF-B  activity  and  on  host  macrophage  profiles.  Mice  injected  with  ID8-NGL  cells  were  treated  with 
vehicle,  TQ  (20  mg/kg  daily),  eisplatin  (2  mg/kg  weekly)  or  the  TQ/cisplatin  combination  from  day  30-60 
following  tumor  cell  injection,  and  then  saerificed.  As  shown  in  Fig.  16A-C,  cisplatin  alone  reduced  established 
indiees  of  tumor  burden  in  mice  with  intraperitoneal  tumors,  volume  of  ascites,  number  of  peritoneal  implants 
and  mesenteric  tumor  mass  (15),  by  >80%  compared  to  vehicle-treated  mice.  Combining  TQ  and  cisplatin 
resulted  in  enhaneed  reduetion  in  peritoneal  implants  and  mesenteric  tumors  compared  to  either  drug  alone, 
with  a  similar  effect  on  ascites  volume  that  just  failed  to  reaeh  statistical  significance  (Fig  16A-C).  Surprisingly, 
treatment  with  TQ  alone  induced  a  2-fold  inerease  in  ascites  volume,  with  no  overall  effect  on  peritoneal  or 
mesenteric  tumors.  We  have  eonfirmed  these  observations  for  TQ  only  treatment  in  multiple  mouse  cohorts. 

Immunofluorescence  analysis  of  tumors  demonstrated  that,  consistent  with  effects  on  tumor  burden,  eisplatin 
reduced  the  percentage  of  eells  positive  for  the  proliferation  marker,  Ki67/mib-l  by  83  +  6%  and  inereased  cells 
showing  expression  of  the  apoptosis  marker  cleaved  caspase-3,  apoptosis  (Fig.  16D-E).  Compared  to  eisplatin 
or  TQ  treatment  alone,  the  TQ/cisplatin  combination  significantly  greater  levels  of  apoptosis  (Fig.  16D-E), 
consistent  with  our  in  vitro  results. 

Contrasting  drug  effects  on  NF-kB  reporter  aetivity  were  observed  in  harvested  ID8-NGL  tumors  compared  to 
cultured  eells.  As  shown  in  Fig  17A,  treatment  with  TQ  unexpeetedly  led  to  an  overall  inerease  in  NF-kB 
reporter  activity  in  luciferase  assays.  However,  eombining  TQ  and  cisplatin  abrogated  TQ-stimulation,  leading 
to  overall  similar  levels  compared  to  vehicle  and  cisplatin  alone  (Fig  17A).  Supporting  our  results,  QPCR 
analysis  of  steady-state  mRNA  levels  of  the  established  NF-kB  targets,  TNF-a  and  IL-1[3,  in  drug-treated 
tumors  revealed  a  similar  pattern  of  effect  to  the  luciferase  assays  (Fig  17B).  We  also  determined  TNF-a  and 
IL-ip  mRNA  expression  in  macrophages  isolated  from  aseites  fluid  using  a  differential  adhesion  method  (Fig 
17C).  Expression  of  both  genes  was  robustly  stimulated  by  TQ  treatment,  an  inerease  that  was  completely 
abrogated  in  the  TQ/cisplatin  combination.  Although  cisplatin  alone  significantly  reduced  TNF-a  mRNA  levels, 
overall  expression  levels  of  both  genes  were  similar  following  treatment  with  eombined  TQ/eisplatin  and 
vehicle  treatment.  Combined  with  the  tumor  data,  our  results  suggest  that  in  eontrast  to  eultured  eells,  enhaneed 
anti-tumor  effeets  of  TQ/cisplatin  compared  to  vehicle  or  cisplatin  alone  were  not  mediated  by  reduced  NF-kB 
activity  in  tumors  or  macrophages. 

We  have  previously  demonstrated  extensive  maerophage  infiltration  into  intraperitoneal  tumors  derived  from 
ID8-NGL  eells  (15).  In  order  to  assess  whether  drug  effeets  on  tumor  burden  were  refleeted  in  changes  in 
maerophage  infiltration  and/or  maerophage  populations,  we  measured  expression  of  the  well-established 
maerophage  marker,  F4/80,  and  the  marker  of  M2-like  macrophages,  arginase-1,  in  IF  assays.  Representative 
images  are  shown  in  Fig  18A.  As  shown  in  Fig  18B,  the  TQ/eisplatin  combination  significantly  reduced  the 
pereentage  of  eells  staining  positive  for  arginase-1  compared  to  vehiele,  TQ  and  cisplatin  alone.  In  contrast, 
overall  maerophage  infiltration,  measured  by  the  pereentage  of  F4/80-positive  eells,  was  not  changed  by 
eisplatin  alone  or  in  eombination  with  TQ,  but  was  markedly  increased  by  TQ  treatment.  These  results  indieate 
that  the  TQ/cisplatin  combination  induced  changes  in  the  tumor  microenvironment  prohibitive  for  tumor 
progression. 

We  have  established  that  the  enhaneed  response  to  TQ/cisplatin  in  our  syngeneic  model  was  not  mediated  by  a 
TQ-mediated  reduetion  in  NF-kB  activity  in  tumors,  but  was  potentially  mediated  by  changes  in  the  local  tumor 
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microenvironment.  In  order  to  more  eompletely  understand  drug  effects  on  the  tumor  microenvironment, 
partieularly  the  role  of  peritoneal  macrophages,  we  analyzed  the  cell  and  soluble  components  of  ascites  fluid. 

We  have  previously  shown  that  mononuclear  eells,  particularly  macrophages,  are  the  predominant  inflammatory 
cell  population  in  the  peritoneal  eavity  of  ID8-NGL  tumor-bearing  mice  (15).  In  harvested  aseites  or  peritoneal 
lavage  fluid  from  drug-treated  mice,  we  first  performed  morphological  analysis  of  cytospin  slides  and 
demonstrated  an  overall  decrease  in  mononuclear  cells  with  eisplatin  treatment  eompared  to  vehiele  (Fig  19A). 
TQ  alone  markedly  increased  mononuelear  eell  number,  consistent  with  an  elevated  inflammatory  response, 
which  was  decreased  by  the  TQ/cisplatin  combination  to  levels  comparable  to  those  of  eisplatin  treatment  alone 
(Fig  19A). 

Further  dissection  of  the  specifie  maerophage  populations  present  in  ascites  fluid  was  performed.  First,  QPCR 
analysis  showed  that  eisplatin  signifieantly  redueed  expression  of  established  markers  of  pro-tumorigenie  M2- 
like  macrophages  (mannose-receptor  and  IL-10)  and  inereased  expression  of  an  anti-tumorigenic  Ml -like  mark, 
CCL3  (Fig.  19C).  The  TQ/cisplatin  combination  also  led  to  significant  reduction  of  the  stimulatory  effeets  of 
TQ  alone  on  the  M2  marks  (Fig.  19B)  and  tended  to  increase  CCL3  expression  eompared  to  eisplatin  alone,  an 
effeet  that  just  failed  to  reaeh  statistieal  signifieance  (p=0.056,  Mann-Whitney  test).  Second, 
immunofluorescence  analysis  of  the  established  M2  marker,  arginase-1,  in  isolated  F4/80-positive  macrophages 
demonstrated  a  similar  induction  of  expression  by  TQ  alone  expression  to  mannose-reeeptor  or  IL-10  above 
(Fig  19D).  eisplatin  signifieantly  redueed  the  number  of  arginase-l/F4/80  double  positive  cells  alone  and  when 
eombined  with  TQ. 

We  also  analyzed  the  eytokine  profile  of  aseites  fluid  harvested  from  drug- treated  miee  using  a  commereially 
available  cytokine  array  plate  (Signosis  Inc.).  As  shown  in  Fig  20A,  there  was  evidence  of  co-ordinated 
regulation  of  eytokines  Both  eisplatin-  and  TQ/cisplatin-treated  mice  displayed  up-regulation  of  multiple 
eytokines  with  known  anti-tumorigenic  functions  (CCL3,  TNF-a,  CCL5,  IL-17a)  and  down-regulation  of  pro- 
tumorigenic  cytokines  (IL-10,  MCP-1)  [20,21]  and  growth  faetors  linked  to  angiogenesis,  increased  vascular 
permeability  and/or  epithelial-mesenehymal  transition  (VEGF,  IGF-1,  FGF-2)  [21-23].  Finally,  in  ELISA 
assays  of  ascites  fluid,  we  confirmed  that  the  TQ/eisplatin  significantly  reduced  levels  of  VEGF  compared  to 
eisplatin  alone  and  vehiele  and  completely  abrogated  the  stimulatory  effeet  of  TQ  (Fig  20B). 

Sub-task  3c. 

Beeause  of  the  technical  issues  involved  with  biolumineseence  imaging  of  the  NGL  reporter  mice,  we 
prioritized  studies  where  ID8-NGL  cells  were  injected  into  wild  type  miee,  and  have  not  yet  completed  the 
NGL  reporter  miee  studies.. 

Milestone  #3:  Results  of  Task  3  studies  form  a  large  part  of  a  manuscript  that  will  be  submitted  to  the  Cancer 
Biology  and  Therapy  (see  attaehed).  Combined  TQ  and  eisplatin  treatment  lead  to  synergistic  anti-tumor  effects 
in  vitro,  reduced  tumor  burden  and  apoptotic  marks  in  tumors  to  a  greater  extent  than  treatment  with  eisplatin 
alone,  reduced  M2  and  indueed  Ml  maerophage  markers,  and  redueed  levels  of  known  pro-tumorigenie 
eytokines/growth  factors.  However,  the  meehanism  of  enhanced  eytotoxieity  of  the  TQ/cisplatin  combination 
differed  between  cultured  cells  and  tumors.  NF-kB  inhibition  by  TQ  was  associated  with  inereased  apoptosis  in 
eultured  ID8-NGL  eells.  In  contrast,  enhanced  anti-tumor  effeets  of  the  eombination  in  vivo  were  not  associated 
with  a  reduction  of  NF-kB  activity  in  tumors  or  macrophages  compared  to  vehiele  or  eisplatin  alone.  Sinee 
improving  the  response  to  eisplatin  is  a  critical  question  in  the  clinical  management  of  ovarian  eancer,  our 
results  provide  preelinical  evidenee  for  the  eonsiderable  potential  of  NF-kB  inhibition  in  sensitizing  tumor  eells 
to  eisplatin-induced  apoptosis  and  growth  arrest.  Our  studies  also  suggest  that  strong  eaution  needs  to  be 
employed  in  using  systemic  NF-kB  inhibitors  and  emphasizes  the  need  for  therapy  directly  targeting  NF-kB 
signaling  in  tumor  eells  and  direetly  modulating  its  activity  in  specific  macrophage  populations.  Our 
collaborative  studies  have  provided  a  framework  for  grant  applieations  exploring  these  exciting  new  direetions 
in  ovarian  eancer  therapy. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


Through  the  duration  of  this  completed  grant: 

1)  We  further  strengthened  the  collaborative  efforts  of  the  Khabele/Wilson  and  Yuli  laboratories.  We  will 
continue  to  have  regular  joint  lab  meetings  for  data  sharing  and  interpretation.  Our  collaborative  studies 
have  provided  a  framework  for  grant  applications  exploring  these  exciting  new  directions  in  ovarian 
cancer  therapy. 

2)  We  published  the  results  of  our  Sub-task  la,  Ic  and  2b  studies  (15),  presented  our  research  at  national 
(American  Association  for  Cancer  Research)  and  internal  Vanderbilt  Research  Conferences,  and  will 
submit  a  manuscript  to  the  Journal  of  Gynecologic  Oncology  (see  attached). 

3)  We  successfully  characterized  two  complementary  syngeneic  mouse  models  of  ovarian  cancer  allowing 
tracking  of  NF-kB  activity  in  developing  ovarian  tumors,  and  in  host  cells  in  the  peritoneal  cavity  during 
progression  of  ovarian  tumors,  through  the  NGL  reporter. 

4)  We  have  shown  that  NF-kB  activity  is  elevated  in  ovarian  cancer  cells  and  in  host  peritoneal 
macrophages,  particularly  in  the  late  stages  of  progression. 

5)  We  have  identified  contrasting  effects  between  short-term  (anti-tumorigenic)  and  longer-term  (pro- 
tumorigenic,  leading  to  increased  ascites)  exposure  to  TQ  in  tumor-bearing  mice,  which  has  high 
relevance  to  the  clinic  where  systemic  NF-kB  inhibitors  are  in  clinical  trials  as  mono-therapy  and  in 
combination  with  established  chemotherapy.  These  results  urge  caution  for  the  use  of  systemic  NF-kB 
inhibitors  in  patients  and  may  underlie  in  part  why  NF-kB  inhibitors  have  limited  efficacy  as  mono¬ 
therapy  and  high  toxicity  in  some  patients. 

6)  We  showed  that  combined  TQ  and  cisplatin  treatment  lead  to  synergistic  anti-tumor  effects  in  vitro, 
reduced  tumor  burden  and  apoptotic  marks  in  tumors  to  a  greater  extent  than  treatment  with  cisplatin 
alone,  reduced  M2  and  induced  Ml  macrophage  markers,  and  reduced  levels  of  known  pro-tumorigenic 
cytokines/growth  factors,  such  as  VEGF. 

7)  We  demonstrated  that  the  macrophage-depleting  drug  clodronate  reduced  tumor  burden,  suggesting  an 
important  role  for  resident  peritoneal  macrophages  in  ovarian  cancer  progression. 

8)  We  validated  multiple  new  end-points  for  molecular  and  cellular  analysis  of  tumor  progression  and  drug 
effects  that  will  be  used  for  later  studies. 

9)  Finally,  we  determined  that  BLI  analysis  of  the  peritoneal  cavity  was  unsuccessful  in  the  NGL  reporter 
mice  injected  with  IDS  cells  primarily  due  to  insufficient  resolution  to  detect  luminescence  from  single 
cells  or  small  aggregates  and/or  damping  effect  of  ascites  on  the  luminescent  signal,  and  instead 
measured  NF-kB  reporter  activity  in  macrophages  isolated  from  ascites  fluid. 
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REPORTABLE  OUTCOMES 


Manuscripts,  Abstracts,  Presentations 

1.  AJ  Wilson,  H-J  Lee,  WJ  Barham,  L  Chen,  H  Onishko,  D  Khabele,  F  Yuli.  Investigating  the  patterns  of 
nuclear  factor-kappa  B  activity  in  the  host-tumor  microenvironment  during  ovarian  cancer  progression. 
Poster  presentation  at  the  American  Association  for  Cancer  Research  meeting.  Mar  31 -Apr  4,  2012, 
Chicago,  IL  (peer-reviewed),  [abstract  on  page  43] 

2.  AJ  Wilson,  JL  Saskowski,  WJ  Barham,  L  Chen,  D  Khabele,  F  Yuli.  Opposing  effects  of  the  NF-kappaB 
inhibitor  thymoquinone  in  a  syngeneic  mouse  model  of  ovarian  cancer.  (2013  Washington  DC:  AACR 
Annual  Meeting,  peer-reviewed),  [abstract  page  44] 

3.  Draft  of  manuscript  to  be  submitted  to  Cancer  Biology  and  Therapy  [manuscript  PDF  pages  45-68] 


Funding  applied  for  based  on  work  supported  by  this  award 

Yuli  F  (PI):  Inducing  cytotoxic  functions  of  macrophages  to  limit  ovarian  tumor  progression:  Mannose 
receptor-targeting  nanoparticles  as  siRNA  delivery  tools,  $125,000/yr.  The  goal  of  this  proposal  is  to  determine 
if  targeted  modulation  of  nuclear  factor-kappa  B  (NF-kB)  in  macrophages  by  a  novel  nanoparticle-based 
strategy  can  limit  ovarian  cancer  progression  and  synergize  with  chemotherapy.  OCRP  Pilot  Award  2013.  [no 

appendix  entry]  -  not  funded 

Yuli  F  (PI):  Targeted  activation  of  macrophages  to  limit  ovarian  cancer  progression,  $125,000/yr.  Dr  Yuli  will 
test  the  hypothesis  that  targeted  activation  of  nuclear  factor-kappa  B  (NF-kB)  in  macrophages  can  limit  ovarian 
cancer  progression  and  synergize  with  chemotherapy  using  the  ID8-NGL  cell  model.  R21  2013.  [no  appendix 
entry]  -  not  funded 

Khabele  (PI):  Epigenetic  therapy  and  the  tumor  microenvironment  in  ovarian  cancer,  $200,000/yr.  Dr  Khabele 
will  test  whether  histone  deacetylase  3  is  an  effective  target  of  therapy  in  ovarian  tumor  cells  and  in  host 
peritoneal  macrophages.  ROl,  2013.  [no  appendix  entry]  -  not  funded 

Yuli  F  (PI):  Can  modulation  of  macrophage  functions  be  effective  for  ovarian  cancer  therapy?  $150,000/yr. 
These  studies  were  designed  to  provide  validation  in  animal  models  of  the  novel  concept  that  high  level 
activation  of  NF-kappaB  in  macrophages  could  be  used  as  therapy.  In  addition,  they  were  designed  to  develop 
and  test  two  different  strategies  by  which  these  findings  could  be  translated  into  clinical  usage.  OCRP 
Investigator- Initiated  Research  Award  Pre-application  2014.  [no  appendix  entry]  -  not  funded 

Wilson  A  (PI):  Using  TR3/NR4A1  activators  to  limit  ovarian  cancer  progression.  $150,000/yr.  These  studies 
were  designed  to  test  the  novel  therapeutic  strategy  targeting  the  pro-apoptotic  TR3  nuclear  orphan  receptor  in 
preclinical  ovarian  cancer  models,  including  the  ID8-NGL  syngeneic  model.  OCRP  Pilot  Project  Award  2014. 

[no  appendix  entry]  -  pending 
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CONCLUSIONS 

The  hypothesis  to  be  tested  is  that  ovarian  tumor  progression  depends  on  NF-kB  activation  in  both  malignant 
ovarian  epithelial  cells  and  host  macrophages  in  the  peritoneal  microenvironment.  Our  objectives  are  (1) 
defining  the  pattern  of  NF-kB  activity  in  the  host-tumor  microenvironment  during  ovarian  cancer  progression 
and  (2)  evaluating  consequences  of  inhibiting  NF-kB  activity  in  tumor  and  host  cells  during  ovarian  cancer 
progression  via  treatment  with  NF-kB  inhibitors  alone  and  in  combination  with  cisplatin  chemotherapy. 

In  order  to  reach  our  ultimate  goal  of  testing  the  efficacy  of  combination  NF-kB  inhibitor  and  cisplatin  therapy 
in  preclinical  ovarian  cancer  models  in  the  immunocompetent  host,  four  major  milestones  were  reached;  1) 
development  and  characterization  of  reproducible  syngeneic  in  vivo  models  of  ovarian  cancer  progression 
[manuscript  published  -  ref  (15)];  2)  understanding  the  role  of  NF-kB  signaling  in  both  host  and  tumor  cells 
during  ovarian  cancer  progression  and  regression  following  drug  treatment  (completed);  3)  defining  measurable 
end-points  to  determine  overall  effects  on  tumor  burden  and  molecular  and  cellular  markers  of  response  of 
tumors  and  host  macrophage  properties  to  drug  intervention  (completed),  4)  precisely  defining  and  fully 
understanding  the  effects  of  NF-kB  inhibitors  alone  and  in  combination  with  cisplatin  on  both  tumor  and  host 
cell  populations  during  ovarian  cancer  progression  (completed). 
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Fig  1.  TNF-a  (lOng/ml)  stimulates  NF-kB  reporter  aetivity  in  BMDM-NGL 
cells  (6h  treatment).  Values  are  mean  +  SD  of  3  independent  experiments.  *  p 
<  0.01  relative  to  control,  Student’s  T  test. 
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Fig  2.  (A)  Representative  BLI  of  NGL  reporter  mice  injected  with  IDS  cells  showing  specific  NF-kB  reporter 
signal  in  host  cells.  (B)  Quantification  of  raw  BLI  in  the  peritoneal  cavity  shows  decreased  NF-kB  reporter 
activity  during  ovarian  cancer  progression.  (C)  When  abdominal  BLI  was  normalized  to  corresponding  brain  BLI, 
similar  results  were  observed.  *  p  <  0.05  relative  to  baseline,  Mann- Whitney  test. 
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Fig.  3.  (A)  Schematic  representation  of  the  timeline  for  our  experiment 
eomparing  NF-kB  aetivity  in  non-injeeted  versus  ID8-injeeted  NGL  reporter 
mice.  Mice  were  injected  with  IDS  cells  at  Day  0.  (B)  Luciferase  activity  of 
the  NF-kB  reporter  was  measured  in  isolated  macrophages  from  ascites  or 
peritoneal  lavage  fluid  and  expressed  relative  to  eellular  protein.  Values 
shown  are  mean  +  SD  from  5  mice  per  group.  *  p  <  0.01  relative  to  non- 
injected;  #  p  <  0.01  relative  to  30d  injected,  Mann- Whitney  test. 
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Fig.  4.  Quantification  of  (A)  ascites  fluid  volume,  (B)  number  of  peritoneal 
implants  and  (C)  mesenterie  tumor  mass  (g)  at  sacrifiee  in  miee  treated  with 
Vehiele  (PBS),  empty  liposomes  (EL)  or  liposomal  clodronate  (Clod).  (D) 
Representative  fluorescent  images  of  cytospins  from  EL  or  Clod-treated 
mice  showing  expression  of  the  macrophage  marker  F4/80  (green)  and  the 
epithelial  marker,  pan-cytokeratin  (red).  DAPI-stained  nuelei  are  in  blue.  (E) 
Quantifieation  of  the  number  of  F4/80-positive  eells.  Values  are  mean+SD 
for  5  miee  per  group.  *  p  <  0.02  relative  to  EL,  Mann- Whitney  test. 
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Fig  5.  Effects  of  NF-kB  inhibitor  TQ  in  ID8-NGL  cells  grown  in  vitro.  (A)  2h  pre-treatment  with  50  pM  TQ  inhibited 
the  stimulatory  effect  of  10  ng/ml  TNF-a  on  NF-kB  reporter  activity  in  protein  extracts.  (B)  Western  Blot  showing  the 
stimulatory  effect  of  TNF-a  on  GFP  and  phospho-lKB  expression  after  4h,  again  inhibited  by  TQ.  Representative  BLI  of 
ID8-NGL  cells  cultured  in  vitro  showing  similar  effects  is  also  shown.  (C)  2h  pre-treatment  with  50  pM  TQ  also 
inhibited  the  stimulatory  effect  of  10  ng/ml  TNF-a  on  NF-kB  reporter  activity  in  BMDM-NGL  cells.  (D)  Reduction  in 
NF-kB  reporter  activity  following  24h  treatment  with  increasing  concentrations  of  TQ.  (E)  SRB  assay  showing  that  TQ 
inhibits  growth  in  a  dose-dependent  manner  (72h  treatment).  (F)  Western  Blot  detection  of  the  apoptotic  marker,  cleaved 
PARP  (Cl  parp)  in  cells  treated  with  50  pM  TQ  for  24  hours.  *  p  <  0.01  relative  to  control,  #  p  <  0.01  relative  to  TNF 
alone,  both  Student’s  T  test.  Results  are  from  a  representative  experiment;  experiments  were  performed  at  least  3  times. 
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Fig  6.  A)  Schematic  diagram  showing  treatment  schedule  for  Vehicle  or  TQ  in  WT  mice 
injected  with  ID8-NGL  cells.  B)  Representative  images  of  vehicle  and  TQ-treated  mice 
shows  greater  abdominal  distension  in  TQ-treated  mice,  indicative  of  ascites.  C) 
Quantification  of  ascites  fluid  volume  at  sacrifice  confirmed  increased  ascites  in  TQ- 
treated  mice.  In  contrast,  there  were  no  significant  differences  in  tumor  burden  between 
Vehicle  and  TQ-treated  mice  when  D)  peritoneal  implants  or  E)  mesenteric  tumor  mass 
were  quantified.  P  values  show  the  effect  of  TQ  relative  to  vehicle  and  were  generated 
by  Mann- Whitney  test. 
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Fig  7.  A)  Quantification  of  BLI  in  the  peritoneal  eavity  shows  inereased  NF-kB  reporter  aetivity  in  TQ-treated 
mice.  B)  Luciferase  activity  was  measured  in  harvested  tumors  and  expressed  relative  to  cellular  protein.  Data 
show  a  specific  increase  in  NF-kB  reporter  in  tumors  from  TQ-treated  mice.  C)  Representative  BLI  images 
comparing  NF-kB  reporter  signal  in  vehicle  and  TQ-treated  eells.  Values  are  mean+SD  for  8  mice  per  group  *  p  < 
0.01  relative  to  vehicle,  Mann- Whitney  test. 


Fig.  8  (A)  Western  blot  analysis  of  p65  in  nuclear  extracts  from 
harvested  Vehicle  or  TQ-treated  tumors.  Equal  loading  was 
shown  by  probing  for  the  nuclear-specific  protein,  histone  H3. 
(B)  Nuclear  p65  expression  relative  to  corresponding  histone 
H3  levels  was  measured  by  densitometry.  Values  are  mean+SD 
for  3  mice  per  group  *  p  <  0.01  relative  to  vehicle-treated  mice, 
Mann- Whitney  test. 
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Fig.  9  (A)  Immunofluorescent  detection  of  the  proliferation  marker  Ki67/mib-l  and  the  phosphorylated  p65  (p- 
p65)  in  ID8-NGL  tumors  harvested  from  vehicle  or  TQ-treated  mice.  TO-PRO-3 -stained  nuclei  are  in  blue.  Co¬ 
expression  of  phospho-p65  (red)  and  Ki67/mib-l  (green)  is  observed  in  the  nuclei  of  a  subset  of  cells.  (B)  The 
percentage  of  tumor  cells  positive  for  Ki67  staining.  (C)  The  percentage  of  cells  staining  positively  for  Ki67  that 
also  express  nuclear  p-p65.  Values  are  mean+SD  for  3  mice  per  group.  *  p  <  0.01  relative  to  vehicle-treated 
mice,  Mann- Whitney  test. 


Fig.  10  (A)  Immunofluorescent  detection  of  the  apoptopsis  marker  cleaved  caspase-3  in  ID8- 
NGL  tumors  harvested  from  vehicle  or  TQ-treated  mice.  TO-PRO-3 -stained  nuclei  are  in  blue. 
(B)  The  percentage  of  tumor  cells  positive  for  cleaved  caspase-3  staining.  Values  are 
mean+SD  for  3  mice  per  group.  *  p  <  0.01  relative  to  vehicle,  Mann- Whitney  test. 
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Fig  11.  (A)  No  significant  differences  in  the  proportion  of  mononuelear  cells  counted  in  eytospins  from 
aseites  fluid  or  peritoneal  lavages  eollected  from  vehiele  or  TQ-treated  mice  were  seen.  (B)  Overall  number 
of  mononuclear  eells  increased  in  aseites  eolleeted  from  TQ-treated  miee.  C)  TQ  treatment  signifieantly 
increased  NF-kB  reporter  activity  in  tumor  cells  harvested  from  ascites  fluid.  Luciferase  activity  was 
normalized  to  eorresponding  eellular  protein.  Values  are  mean+SD  for  3  miee  per  group.  *  p  <  0.01  relative 
to  vehicle;  NS:  not  signifieant  relative  to  vehicle,  Mann- Whitney  test. 
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Fig.  12.  (A)  Relative  luciferase  activity  in  harvested  ID8-NGL  tumors  following  30  days’  TQ 
treatment.  (B)  QPCR  analysis  of  the  mRNA  expression  of  the  markers  of  M2  macrophages, 
mannose-receptor  (mann-R)  and  interleukin- 10  (IL-10)  and  Ml  macrophages,  CCL3,  in  RNA 
extracted  from  peritoneal  lavages  or  ascites  fluid.  Values  were  normalized  to  corresponding  levels  of 
GAPDH  mRNA  expression  levels.  The  expression  ratio  of  the  fold-change  induced  by  TQ  at  10  and 
30  days’  treatment  on  expression  of  mann-R/IL-12  to  CCL3  is  shown  in  (C).  Values  are  mean+SD  for 
5  mice  per  group.  *  p  <  0.01  relative  to  vehicle-treated  mice;  #  p  <  0.001  relative  to  lOd  timepoint, 
Mann- Whitney  test. 
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Fig  13.  (A)  Schematic  diagram  showing  treatment  schedule  for  vehicle  or  TQ  in  NGL  reporter  mice  injected  with 
IDS  cells.  (B)  Quantification  of  BLI  in  the  peritoneal  cavity  shows  no  differences  between  NF-kB  reporter  activity 
in  Vehicle  or  TQ-treated  mice.  Values  are  mean+SD  from  5  mice  per  group.  P  value  determined  by  Mann- Whitney 
test  revealed  no  difference  (NS)  between  baseline  BLI  and  30d  or  60d  values  in  vehicle  and  TQ-treated  mice.  (C) 
Representative  BLI  images  comparing  NF-kB  reporter  signal  in  Vehicle  and  TQ-treated  cells. 


Fig  14.  (A)  Luciferase  activity  of  the  NF-kB  reporter  was  measured  in  isolated  macrophages  from 
ascites  or  peritoneal  lavage  fluid  collected  from  vehicle  or  TQ-treated  NGL  reporter  mice  injected 
with  IDS  cells,  and  expressed  relative  to  cellular  protein.  (B)  QPCR  analysis  of  the  mRNA 
expression  of  the  markers  of  M2  macrophages,  mannose-receptor  (mann-R)  and  interleukin- 1 0 
(IL-10)  and  Ml  macrophages,  CCL3,  in  RNA  extracted  from  peritoneal  lavages  or  ascites  fluid. 
Values  were  normalized  to  corresponding  levels  of  GAPDH  mRNA  expression.  (C) 
Quantification  of  ascites  fluid  volume  at  sacrifice  showed  increased  ascites  with  TQ  treatment, 
but  no  significant  differences  in  (D)  the  number  of  peritoneal  implants  or  (E)  mesenteric  tumor 
mass.  Values  are  mean+SD  for  5  mice  per  group.  *  p  <  0.01  relative  to  vehicle-treated  mice;  NS: 
not  significant  relative  to  vehicle,  Mann- Whitney  test. 
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Fig  15.  (A)  SRB  assays  showing  drug  effects  of  TQ  and/or  cisplatin  (concentrations  in  mM,  72  hours)  in  ID8-NGL 
cells.  (B)  Isobologram  analysis  for  NCI/ADR-RES,  OVCAR3  and  SKOV-3  cells  demonstrating  that  the 
Combination  Index  was  significantly  less  than  1  for  Effective  Doses  (ED)  ED50,  ED75  and  ED90,  indicating 
synergistic  drug  interaction  between  TQ  and  cisplatin.  Values  are  mean  +  SE  for  3  experiments;  *  p  <  0.01, 
Student’s  t  test.  (C)  Western  Blot  analysis  of  cleaved  PARP  following  24  hour  treatment  of  ID8-NGL  cells  with  TQ 
(25pM),  cisplatin  (IpM)  or  the  combination.  Actin  was  used  as  a  loading  control.  (D)  Luciferase  assay  of  ID8-NGL 
cells  following  24  hour  treatment  with  TQ  (25  pM),  cisplatin  (IpM)  or  the  combination.  Values  are  mean  +  SE  for  3 
experiments;  *  p  <  0.01  compared  to  control,  Student’s  t  test. 


Fig  16.  In  BL/6  mice  injected  with 
ID8-NGL  cells  and  treated  with 
vehicle,  TQ,  cisplatin  or  the 
combination.  (A)  ascites  fluid 
volume,  (B)  number  of  peritoneal 
implants  and  (C)  mesenteric  tumor 
mass  was  measured  at  sacrifice. 
Values  are  mean+SD  for  5  mice  per 
group.  (D)  The  percentage  of  tumor 
cells  positive  for  the  proliferation 
marker  Ki67/mib-l  and  cleaved 
caspase-3  staining  in  ID8-NGL 
tumors  harvested  from  mice  treated 
with  vehicle,  TQ,  cisplatin  or  the 
combination.  (E)  Representative 
fields  of  drug-treated  tumors. 
Ki67/mib-l  or  cleaved  caspase-3 
are  in  green.  DAPI-stained  nuclei 
are  in  blue.  *  p  <  0.01  relative  to 
vehicle;  NS:  not  significant  relative 
to  vehicle;  all  p  values  determined 
by  Mann- Whitney  test. 


Fig  17.  BL/6  mice  were  injected  with  ID8-NGL  cells  and  treated  with  vehicle,  TQ  (20 
mg/kg),  cisplatin  (2  mg/kg)  or  the  combination.  (A)  Luciferase  assays  of  NF-kB  reporter 
activity  in  harvested  ID8-NGL  tumors.  QPCR  analysis  of  the  established  NF-kB  target 
genes,  TNF-a  and  IL-ip,  in  (B)  harvested  tumors  and  (C)  isolated  macrophages  from 
ascites  fluid.  Relative  expression  was  calculated  using  corresponding  GAPDH  levels  as 
the  internal  control.  *  p  <  0.01  relative  to  vehicle;  NS:  not  significant  relative  to  vehicle; 
all  p  values  determined  by  Mann- Whitney  test. 
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Fig  18.  (BL/6  mice  were  injected 
with  ID8-NGL  cells  and  treated 
with  vehicle,  TQ  (20  mg/kg), 
cisplatin  (2  mg/kg)  or  the 
combination.  (A)  IF  analysis  of 
expression  of  the  macrophage 
markers  F4/80  (green)  and 
arginase-1  (red).  DAPI-stained 
nuclei  are  in  blue.  (B) 
Quantification  of  the  percentage  of 
total  cells  positive  for  F4/80  and 
cells  co-staining  for  F4/80  and 
arginase- 1 .  Values  were  determined 
from  5  representative  fields  at  high 
power  (x40).  *  p  <  0.01  relative  to 
vehicle;  NS:  not  significant  relative 
to  vehicle;  all  p  values  determined 
by  Mann- Whitney  test.  . 
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Fig  19.  (A)  Overall  number  of 
mononuclear  cells  increased  in 
ascites  collected  from  TQ-treated 
mice,  as  quantified  in  differential 
cell  counts  of  H&E-stained 
cytospin  slides.  QPCR  analysis  of 
B)  the  established  NF-kB  target 
genes,  TNF-a  and  IL-ip,  and  (C) 
markers  of  M2  macrophages, 
mannose-receptor  (mann-R)  and 
interleukin- 10  (IL-10)  and  Ml 
macrophages,  CCL3,  in  isolated 
macrophages  isolated  from 
peritoneal  lavages  or  ascites  fluid. 
Relative  expression  was  calculated 
using  corresponding  GAPDH 
levels  as  the  internal  control.  (D) 
Immunofluorescent  detection  of 
the  M2  macrophage  marker, 
arginase-1,  in  F4/80  positive 
macrophages  isolated  from  ascites 
fluid.  Values  are  mean-i-SE  for  5 
mice  per  group.  *  p  <  0.01  relative 
to  vehicle;  NS:  not  significant 
relative  to  vehicle;  all  p  values 
determined  by  Mann- Whitney  test. 
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Fig  20.  (A)  Cytokine/growth  factor  profiles  in  ascites  from  drug-treated  mice.  Values  are  mean+SE 
for  5  mice  per  group.  *  p  <  0.01  relative  to  vehicle;  all  p  values  determined  by  Mann- Whitney  test. 
(B)  VEGF  levels  in  ascites  fluid  was  measured  by  ELISA  and  expressed  relative  to  corresponding 
protein  levels.  Values  are  mean+SE  for  3  mice  per  group  *  p  <  0.01  relative  to  vehicle;  NS:  not 
significant  relative  to  vehicle;  all  p  values  determined  by  Mann- Whitney  test. 
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INSTITUTION  AND  LOCATION 

DEGREE 
(if  applicable) 

YEAR(s) 

FIELD  OF  STUDY 

Melbourne  University,  Australia 

B.Sc  (Hons) 

1992-94 

Immunology/Pathology 

Department  of  Medicine,  Melbourne  University, 
Australia 

Ph.D. 

1995-98 

Medicine 

Department  of  Medicine,  Melbourne  University, 
Australia 

Postdoctoral 

1998-99 

Colon  biology 

Albert  Einstein  Cancer  Center,  Bronx,  NY 

Postdoctoral 

2001-03 

Colon  cancer 

A.  Personal  Statement 

I  have  a  long-standing  13  year  experience  in  cancer  research  including  dissecting  signaling  pathways 
drivingthe  tumorigenic  process  in  cancer  cells,  generation  and  characterization  of  stable  cell  lines  in  tissue 
culture,  andinvestigating  efficacy  of  anti-cancer  drugs  in  preclinical  studies  in  vitro  and  in  mouse  models  in 
vivo.  At  Vanderbilt,  I  have  been  able  to  apply  this  knowledge  to  discovering  new  treatment  strategies  for 
ovarian  cancer  in  laboratory  of  Assistant  Professor  Dineo  Khabele,  a  physician-scientist  and  practicing 
gynecologic  oncologist.  We  have  developed  a  fruitful  collaboration  with  Dr  Fiona  Yuli  of  Vanderbilt,  an  expert 
on  generating  mouse  models  for  in  vivo  studies  of  NF-kB  function  during  cancer  progression.  Thus,  I  am  well- 
placed  to  study  the  role  of  NF-kB  signaling  in  ovarian  cancer  using  highly  innovative  syngeneic  models, 
allowing  its  role  in  both  tumor  and  host  cells  to  be  examined.  With  the  assistance  of  Dr  Khabele,  we  also  have 
a  pipeline  to  the  clinic  of  drugs  that  show  promising  preclinical  efficacy.  A  major  goal  of  the  recently  completed 
project  was  to  to  characterize  the  effects  of  established  and  novel  NF-kB  inhibitors  on  both  tumor  and,  as  can 
often  be  overlooked  in  cancer  therapy,  host  cells.  We  successfully  characterized  a  new  syngeneic  mouse 
model  of  ovarian  cancer,  showed  that  NF-kB  activity  is  increased  during  tumor  progression,  and  tested  the 
combination  of  the  NF-kB  inhibitor,  thymoquinone,  and  cisplatin  in  this  model  and  showed  enhanced  anti-tumor 
effects  compared  to  either  drug  alone.  We  also  discovered  an  unexpected  finding  that  prolonged  treatment 
with  thymoquinone  increased  ascites  through  an  enhanced  inflammatory  response,  which  urges  caution  for  the 
use  of  systemic  NF-kB  inhibitors  in  patients  and  may  underlie  why  NF-kB  inhibitor  as  single  agent  therapy  for 
ovarian  cancer  have  limited  efficacy  and  high  toxicity. 
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Positions/  Appointments  and  Memberships 

1999-2000  Post-Doctoral  Researcher,  Department  of  Medicine,  Melbourne  University,  Australia 
2001-2003  Post-Doctoral  Fellow,  Albert  Einstein  Cancer  Center,  Montefiore  Medical  Center,  Bronx,  NY 
2003-2008  Instructor  of  Medicine,  Albert  Einstein  Cancer  Center,  Montefiore  Medical  Center,  Bronx,  NY 
2008-201 1  Research  Instructor,  Department  of  Obstetrics  and  Gynecology,  Vanderbilt  University,  Nashville, 
TN 

201 1 -Present  Research  Assistant  Professor,  Department  of  Obstetrics  and  Gynecology,  Vanderbilt  University, 
Nashville,  TN 

American  Association  for  Cancer  Research:  Associate  member  2001-201 1 ;  Active  Member  201 1 -Present 
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sensitivity  of  colon  cancer  cells  to  histone  deacetylase  inhibitors  is  mediated  by  an  Sp1/Sp3-activated 
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D.  Research  Support 

Ongoing  Research  Support 

NCI  K08CA1 48887  PI:  Khabele  05/1/10-04/30/15 

Targeting  Histone  Deacetylases  with  Small  Molecule  Inhibitors  in  Ovarian  Cancer 

Goal:  The  goals  of  this  research  are  to  1)  better  define  the  anti-tumor  properties  of  BRD7914,  a  unique  small 
molecule  biased  towards  HDAC3  inhibition,  2)  advance  current  knowledge  of  HDAC3  as  a  potential  target  for 
therapy  and  3)  provide  important  preclinical  insights  into  the  clinical  merits  of  combining  BRD7914  and  other 
HDAC3-biased  HDACi  with  platinum-based  chemotherapy  in  the  treatment  of  ovarian  cancer.  The  use  of  novel 
compounds  and  novel  approaches  of  probing  the  biology  of  HDAC3  and  other  HDACs  in  ovarian  cancer  with 
small  molecule  inhibitors  will  allow  the  candidate  to  gain  new  research  skills  and  training  in  several  areas  under 
the  mentorship  of  Dr.  Scott  Hiebert  (Vanderbilt  University)  and  Dr.  Stuart  Schreiber  (The  Broad  Institute  of  MIT 
and  Harvard)  in  preparation  for  an  independent  career  in  translational  cancer  research. 

Kay  Yow  Cancer  Fund  Pis:. Khabele,  Marnett  04/01/14-03/31/15 

Imaging  Ovarian  Cancer  with  Novel  Small  Molecule  Radiotracers  of  Cyclooxygenase-1 

Goal:  The  overall  goal  of  this  research  is  to  test  the  hypothesis  that  cyclooxogenase-1  (COX-1)  can  be  used  as 
a  molecular  target  to  track  ovarian  cancer  progression  and  response  to  treatment.  COX-1  is  a  highly  attractive 
target,  because  it  is  overexpressed  in  a  large  proportion  of  ovarian  cancers  and  plays  an  important  role  in 
tumor  initiation  and  progression.  Ovarian  cancer  is  one  of  the  rare  tumor  types  where  COX-1 ,  not  COX-2,  is 
the  dominant  isoform.  Funding  this  research  will  provide  the  platform  to  catalyze  the  development  of  a  novel 
(18F)-labeled  COX-1  PET  tracer  for  noninvasive  imaging  in  ovarian  cancer. 

Pending  Research  Support 

NCI  R01  CA194549-01  PI:  Khabele  04/01/15-03/31/20 

Disrupting  COX-1  Activity  in  Ovarian  Cancer 

Proposed  studies  will  elucidate  effects  of  disrupting  activity  of  COX-1  in  ovarian  cancer  cells  and  platelets  via 
aspirin  on  progression  of  ovarian  cancer.  The  ability  of  aspirin  treatment  to  synergize  with  standard  platinum 
chemotherapy  will  also  be  investigated  as  a  novel  treatment  strategy. 

DOD  W81XWH-14-OCRP-PA  PI:  Wilson  07/01/15-6/30/17 

Using  TR3/NR4A1  Activators  to  Limit  Ovarian  Cancer  Progression 

Proposed  studies  will  elucidate  effects  of  combination  TR3  activation  and  PI3K  inhibition  in  ovarian  cancer 
cells  on  pro-apoptotic  functions  of  the  nuclear  orphan  receptor  TR3.  The  ability  of  this  novel  drug  combination 
to  limit  tumor  growth  will  be  tested  in  cell  line  and  patient-derived  xenografts. 

Completed  Research  Support 

W81XWH-1 1-1-0509  PI:  Wilson  07/25/11-07/24/13  (No  cost  extension  -  07/24/14) 

Department  of  Defense 

Nuclear  factor-kappa  B  in  the  host-tumor  microenvironment  of  ovarian  cancer 

Study  the  patterns  of  nuclear  factor-kappa  B  (NF-kB)  activity  in  the  host  versus  the  tumor  epithelium  during 
progression  of  ovarian  cancer  in  a  murine  model.  Bioluminescent  reporters  in  ovarian  cancer  cell  lines  or 
transgenic  mice  will  determine  patterns  of  NF-kB  activity  and  responses  to  pharmacologic  interventions  during 
tumor  progression. 


Overlap 

There  is  no  overlap  between  projects. 
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(if  applicable) 
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University  of  St.  Andrews,  St.  Andrews,  UK 

B.Sc. 

(Hons) 

1985 

Biochemistry 

w/Microbiology 

University  College  Oxford,  Oxford,  U.K. 

D.Phil. 

1989 

Biochemistry 

A.  Personal  Statement 

I  have  21 -years  of  experience  with  the  design,  generation  and  characterization  of  multi-mutation  transgenic 
and  knockout  mice.  My  group  develops  murine  models  to  investigate  the  role  of  the  NF-kB  family  of 
transcription  factors  in  disease,  particularly  cancer.  Development  of  these  murine  models  represents  a  major 
investment  but  we  have  shared  the  resulting  models  with  more  than  60  groups  worldwide,  resulting  in 
successful  collaborative  studies  relating  to  the  contribution  of  NF-kB  signaling  in  several  types  of  cancer 
including  lung,  breast,  prostate  and  skin.  To  address  the  roles  of  NF-kB  in  cancer  initiation,  promotion  and 
progression  we  have  developed  a  modular  inducible  “tool  kit”  of  transgenics.  These  enable  up  and  down- 
regulation  of  canonical  NF-kB  signaling  directed  to  specific  cell  types  (mammary  epithelium,  macrophages  and 
lung  epithelium).  These  models  provide  the  opportunity  to  address  the  roles  of  NF-kB  in  specific  cells  in  the 
tumor  and  microenvironment  during  defined  stages  of  progression.  We  recently  made  the  unexpected 
discovery  that  targeted  activation  of  NF-kB  signaling  within  macrophages  can  produce  cells  with  tumor 
cytotoxic  functions.  Given  the  potential  for  macrophages  to  play  critical  roles  during  ovarian  cancer 
progression,  we  wish  to  investigate  modulation  of  NF-kB  specifically  within  macrophages  using  nanoparticle 
targeting,  a  methodology  with  relatively  rapid  translational  potential,  to  attempt  to  define  new  therapeutic 
approaches.  My  overarching  goal  is  to  determine  the  contributions  of  NF-kB  signaling  within  specific  cell  types 
to  cancer  progression  in  order  to  discover  and  develop  novel  therapeutic  approaches. 

B.  Positions  and  Honors 


Positions  and  Employment 


1985-1989 

1989-1995 

1995-1998 

1998-1998 

1998-1999 


2000-2004 

2004-Pres. 

2010-Pres. 


Predoctoral  Fellow,  mentored  by  Drs.  A.  and  S.  Kingsman,  Oxford  University,  UK 
Postdoctoral  Fellow,  mentored  by  Dr.  J.  Clark,  The  Roslin  Institute,  Roslin,  Edinburgh,  UK 
Postdoctoral  Fellow,  Dept,  of  Microbiology  and  Immunology,  mentored  by  Dr.  L.  Kerr, 
Vanderbilt  University  Medical  Center,  Nashville,  Tennessee 

Research  Instructor,  Dept,  of  Cell  Biology,  working  with  Dr.  L.  Kerr,  Vanderbilt  University. 
Awarded  US  Army  Breast  Cancer  Research  Program  Fellowship 

Research  Asst.  Professor,  Dept,  of  Cell  Biology.  Acting  Principal  Investigator  during  absence 
of  Dr.  L.  Kerr  on  Robert  Woods  Johnson  Fellowship  in  Washington.  Awarded  American 
Cancer  Society  Institutional  Research  Grant 

Research  Assistant  Professor,  Department  of  Cancer  Biology,  Vanderbilt  University  Medical 
Center,  Nashville,  Tennessee 

Assistant  Professor  of  Cancer  Biology,  Department  of  Cancer  Biology,  Vanderbilt  University 
Medical  Center,  Nashville,  Tennessee 

Associate  Professor,  Department  of  Cancer  Biology,  VUMC,  Nashville,  Tennessee 


Other  Experience  and  Professional  Memberships 
2000-2007  Deputy  Director,  Department  of  Medicine  PPG  Core  B 


2003  Deputy  Director  of  Cancer  Biology  Graduate  Course 

2004-2006  Reviewer  for  Susan  G  Komen  Foundation  Postdoctoral  Fellowships 

2004-Pres.  Director  of  Cancer  Biology  Graduate  Course 

2007-Pres.  Member  of  Research  Safety  Subcommittee 

2009-Pres.  Member  of  Vanderbilt  University  lACUC  Committee 

2010,1 1,1 3, 14Ad  hoc  member,  DOD  BCRP  FY10  Programmatic  Review  Panel 

2011.13  Ad  hoc  reviewer  NIH  MESFI  study  section 
2012-2014  Member  of  Editorial  Board  of  ISRN  Inflammation 

2013.14  Ad  hoc  reviewer  NIH  SEP  Cancer  Health  Disparities  and  Diversity  in  Basic  Cancer  Research 


1986-Pres. 

1997- Pres. 

1998- Pres. 
2012-Pres 
2014 


Member  of  Society  of  General  Microbiology 

Member  of  Society  of  Developmental  Biology 

Member  of  American  Association  of  Cancer  Research 

Member  of  Metastasis  Research  Society 

Member  of  International  Society  for  Transgenic  Technologies 


Honors 

2000-2004  Aventis  Leadership  Development  Program  Fellow 
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transgenic  model  reveals  important  roles  for  the  NF-kB  alternative  pathway  (p100/p52)  in  mammary 
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T.S.  Yuli  FE.  Activation  of  NF-kappaB  in  mammary  epithelium  promotes  milk  loss  during  mammary 
development  and  infection.  Journal  of  Cellular  Physiology  222■.73-8^ ,  2010.  PMCID:  PMC2783968. 

3.  Connelly  L,  Barham  W,  Onishko  HM,  Sherrill  T,  Chodosh  LA,  Blackwell  TS,  Yuli  FE.  Inhibition  of  NF- 
kappaB  activity  in  mammary  epithelium  increases  tumor  latency  and  decreases  tumor  burden.  Oncogene 
30:1402-12,  2010.  PMCID:  PMC3063854 

4.  Zaynagetdinov  R,  Stathopoulos  GT,  Sherrill  TP,  Cheng  DS,  McLoed  AG,  Ausborn  JA,  Polosukhin  W, 
Connelly  L,  Zhou  W,  Fingleton  B,  Peebles  RS,  Prince  LS,  Yuli  FE,  Blackwell  TS.  Epithelial  nuclear  factor- 
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NIH/NHLBI 

Imaging  Activated  Macrophages  in  the  Lungs 

Lung  macrophages  are  critical  for  initiating  the  innate  immune  response  to  microbial  and  environmental  stimuli, 
resolving  acute  inflammation,  and  promoting  repair  following  injury.  We  hypothesize  that  developing  molecular 
imaging  techniques  to  identify  functional  subsets  of  activated  macrophages  will  advance  understanding  of 
inflammatory  lung  diseases  leading  to  novel,  macrophage-targeted  therapies.  We  will  optimize  imaging  probes 
based  on  FR(3  expression  exploring  new  imaging  targets  present  on  the  surface  of  activated  macrophages. 
These  new  strategies  can  then  be  applied  to  the  study  of  inflammatory  lung  diseases  in  humans. 
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NIH/NHLBI 

“Epithelial-Fibroblast  Interactions  in  Lung  Fibrosis” 

Goal:  Use  novel  mouse  models  to  test  the  hypothesis  that  specific  phenotypic  alterations  in  alveolar  epithelial 
cells  affect  the  response  to  injurious  stimuli,  impact  fibroblast  activation,  and  determine  the  severity  and 
progression  of  lung  fibrosis.  Aims:  To  define  the  extent  of  epithelial-mesenchymal  transition  as  a  source  of 
fibroblasts  in  experimental  pulmonary  fibrosis.  We  will  determine  the  proportion  of  lung  fibroblasts  derived  from 
epithelium  via  EMT  and  examine  the  phenotypic  characteristics  of  epithelial-derived  fibroblasts. 

VA  MERIT  (Richmond)  10/01/13-9/30/2017 

Department  of  Veterans  Affairs 

“Modeling  New  Therapeutic  Approaches  for  Malignant  Melanoma”.  Specific  aims:  1 )  Characterize 
effectiveness  of  combined  therapy  with  the  MDM2  antagonist,  Nutlin-3a,  and  the  AURKA  inhibitor,  MLN8237, 
for  treatment  of  BRAFwt/p53wt,  NRas  mutant/p53wT,  NRaswT/p53wT  Melanoma  and  examine  the  effect  of  the 
Nutlin-3a  and  MLN8237  combination  treatment  on  the  growth  of  BRAFveoo  mutant  /p53wTmelanoma  tumor 
implants  from  patients  with  resistance  to  BRAF  inhibitor.  2)  Characterize  effects  of  combined  treatment  with 
Nutlin-3a  and  MLN8237  on  tumor  microenvironment  and  on  melanoma  metastasis  and  to  evaluate  the 
potential  for  boosting  the  antitumor  response  of  myeloid  cells  to  enhance  melanoma  tumor  cell  death  in 
association  with  MLN8237  and  Nutlin-3a.  Express  constitutively  active  IKK(3  in  myeloid  cells  to  induce  an 
antitumor  phenotype  and  evaluate  the  response  of  melanoma  tumors  to  therapy  with  MLN8237  and  Nutlin-3a. 
3)  To  characterize  the  therapeutic  effectiveness  of  combining  agonist  for  death  receptors  DR4  and  DR5  with 
MLN8237  for  treatment  of  BRAFwt,  NRASwror  NRASmutant  melanoma  tumors  and  to  evaluate  the  effectiveness 
of  combined  DR5/DR4  agonists  with  MLN-8237  for  BRAF  inhibitor  resistant  BRAFveoo  melanoma. 
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Goals  are;  1)  exploration  of  macrophage  response  to  inhibition  of  NF-kB  activation  by  the  canonical  and 
alternative  pathways  using  siRNA  in  vitro,  2)  develop  nanobiotechnology  delivery  vehicle  for  specific  delivery  of 
siRNA  to  tumor  associated  macrophages  in  vivo  to  modulate  NF-kB  activity. 
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Nuclear  factor-kappaB  Activity  in  the  Host-tumor  Microenvironment  of  Ovarian  Cancer 
Study  the  patterns  of  NF-kB  activity  in  the  host  versus  the  tumor  epithelium  during  progression  of  ovarian 
cancer  in  a  murine  model.  Bioluminescent  reporters  in  ovarian  cancer  cell  lines  or  transgenic  mice  will 
determine  patterns  of  NF-kB  activity  and  responses  to  pharmacologic  interventions  during  tumor  progression. 
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Role  of  Fetal  Lung  Macrophages  in  Bronchopulmonary  Dysplasia 

Goal:  This  proposal  tests  the  role  of  fetal  lung  macrophages  in  bronchopulmonary  dysplasia  pathogenesis. 
Specifically,  we  will  test  if  macrophages  are  required  for  inhibition  of  normal  lung  development  by  innate 
immune  stimuli,  if  NF-kB  activation  in  macrophages  mediates  global  fetal  lung  inflammation,  and  how  early 
exposure  of  fetal  lung  macrophages  to  inflammatory  stimuli  alters  macrophage  phenotype  as  lungs  mature. 
Aims:  To  identify  role  of  NF-kB  in  inhibition  of  lung  development  following  innate  immune  activation.  Determine 
if  early  activation  of  fetal  lung  macrophages  alters  the  macrophage  phenotype  as  lungs  mature. 
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Epithelial  NF-KappaB  Signaling  in  Mammary  Tumorigenesis 

Goal:  The  proposed  project  will  define  the  role  of  NF-kappaB  signaling  as  a  master  regulator  of  these 
processes,  integrating  multiple  processes  and  thereby  determining  ultimate  physiological  outcome. 

Aims:  Evaluate  effects  of  modulation  of  NF-kB  activity  in  mammary  epithelium  on  mammary  development.  Use 
a  number  of  existing  and  novel  transgenic  and  knockout  mice  to  investigate  the  differential  effects  of  increasing 
or  decreasing  NF-kB  activity  in  the  mammary  epithelium  or  of  over-expressing  plOO/p52  a  family  member 
correlated  with  human  mammary  adenocarcinoma  on  mammary  development. 
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Transgenic  Animal  Models  for  Prostate  Cancer 

Goal:  The  overall  goal  of  this  proposal  is  to  study  the  pathways  that  contribute  to  prostate  tumor  progression  to 
castrate  resistant  prostate  cancer  (CRPC). 

Aims:  To  determine  the  contribution  of  Pten  and  NF-kB  signaling  to  AR  action  in  vitro.  The  proposed  research 
of  this  aim  is  to  identify  targets  in  the  prostate  for  therapeutic  intervention  and  to  understand  the  mechanism 
whereby  NF-kB  activation  results  in  castrate  resistant  prostatic  cells. 

Overlap:  There  is  no  overlap  between  the  currently  funded  grants  listed  above  and  this  application.  If  all  of  Dr. 
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Investigating  the  patterns  of  nuclear  factor-kappa  B  activity  in  the  host-tumor  microenvironment  during 
ovarian  cancer  progression 


Andrew  J.  Wilson*,  Hye-Jeong  Lee,  Whitney  J  Barham,  Lianyi  Chen,  Halina  Onishko,  Dineo  Khabele, 
Fiona  Yuli 

Most  women  diagnosed  with  ovarian  caneer  initially  present  with  metastatie  disease  charaeterized  by  peritoneal 
implants  and  ascites.  Activation  of  inflammatory  processes  mediated  by  nuclear  factor-kappa  B  (NF-kB)  is 
thought  to  be  critical  to  the  distinct  clinical  pattern  of  spread  of  ovarian  tumors.  However,  the  relative 
contribution  of  NF-kB  activity  in  tumor  cells  and  host  inflammatory  cells  to  ovarian  cancer  progression  remains 
unknown.  Therefore,  our  goal  was  to  develop  and  characterize  model  systems  to  investigate  NF-kB  activity  in 
these  cell  populations  during  ovarian  tumorigenesis.  To  study  the  host  NF-kB  response,  IDS  mouse  ovarian 
cancer  cells  were  injected  intra-peritoneally  into  C57BL/6  mice  carrying  an  NF-KB-dependent  green  fluorescent 
protein  (GFP)/luciferase  fusion  transgene  (NGL).  In  a  reciprocal  approach,  IDS  cells  stably  expressing  the  NGL 
reporter  (IDS-NGL)  were  injected  into  wild-type  C57BL/6  mice  to  investigate  NF-kB  activation  in  the 
developing  tumor.  Non-invasive  imaging  of  the  mice  was  performed  by  bioluminescence  imaging  (BLI)  of  the 
NGL  reporter.  Preliminary  experiments  confirmed  these  models  were  highly  reproducible,  with  peritoneal-wide 
tumor  dissemination  accompanied  by  the  onset  of  late-stage,  irreversible  ascites.  Mice  injected  with  IDS-NGL 
cells  showed  greater  than  100-fold  increase  in  NF-kB  reporter  activity  during  tumor  progression.  There  was  a 
modest  overall  decrease  in  abdominal  NF-kB  activity  over  time  in  IDS-injected  NGL  mice,  although  the 
possibility  of  “masking”  effects  of  the  ascites  fluid  on  bioluminescence,  and  NF-kB  activity  in  specific  host  cell 
populations,  need  to  be  elaborated.  These  models  will  allow  us  to  define  the  patterns  of  NF-kB  activity  in  the 
host-tumor  microenvironment  during  ovarian  cancer  progression,  and  will  provide  a  powerful  platform  for 
future  preclinical  investigation  of  novel  therapeutic  agents  targeting  NF-kB  in  ovarian  cancer. 


Opposing  effects  of  the  NF-kappaB  inhibitor  thymoquinone  in  a  syngeneic  mouse  model  of  ovarian 
cancer 

Andrew  J.  Wilson*,  Jeanette  Saskowski,  Whitney  J  Barham,  Lianyi  Chen,  Dineo  Khabele,  Fiona  Yuli 

Ovarian  cancer  is  the  most  lethal  gynecologic  malignancy.  Most  women  are  diagnosed  with  advanced  disease 
characterized  by  widespread  peritoneal  carcinomatosis  and  abdominal  ascites.  Activation  of  inflammatory 
processes  via  nuclear  factor-kappa  B  (NF-kB)  is  involved  in  ovarian  cancer  progression  and  linked  to 
chemotherapy  resistance.  The  potential  of  NF-kB  inhibitors  to  suppress  tumor  progression  and  sensitize  tumor 
cells  to  platinum  chemotherapy  has  led  to  their  successful  use  in  preclinical  tumor  models.  One  such  inhibitor  is 
thymoquinone  (TQ),  a  component  of  black  seed  oil,  widely  used  in  traditional  medicine.  However,  most  NF-kB 
inhibitors  including  bortezomib  have  had  disappointing  clinical  results  in  the  treatment  of  solid  tumors.  It  is 
possible  that  NF-kB  inhibition  in  inflammatory  cells  such  as  macrophages  in  the  peritoneal  cavity  may  underlie 
the  relatively  poor  efficacy  and  toxicity  observed  in  patients.  Therefore,  this  study  aimed  to  determine  the 
effects  of  TQ  on  ovarian  cancer  progression  in  the  immunocompetent  host.  IDS  mouse  ovarian  cancer  cells 
expressing  the  NF-KB-dependent  GFP/Iuciferase  (NGL)  fusion  reporter  transgene  (ID8-NGL)  were  injected 
intraperitoneally  (IP)  into  C57BL/6  mice.  Reporter  activity  was  visualized  by  bioluminescence  imaging.  TQ  or 
PBS  vehicle  (VEH)  were  injected  IP  thrice  weekly  from  day  30-60  after  tumor  cell  injection.  Mice  were  then 
sacrificed,  ascites  collected  and  tumors  harvested.  In  vitro  studies  confirmed  that  TQ  inhibited  NF-kB  activity 
in  ID8-NGL  cells,  inhibited  cell  growth,  and  exerted  co-operative  inhibitory  effects  with  cisplatin  on  cell 
growth.  Consistent  with  the  observed  in  vitro  growth  inhibition,  TQ  induced  approximately  30%  reduction  in 
tumor  cells  expressing  the  proliferation  marker  Ki67  compared  to  VEH  tumors  in  vivo.  However,  there  was  no 
overall  difference  in  tumor  burden  (peritoneal  and  mesenteric  tumor  nodules).  Strikingly,  the  volume  of  ascites 
collected  from  TQ  mice  was  5-fold  higher  than  VEH  mice,  and  cytospin  analysis  of  ascites  showed  that  TQ 
induced  a  4-fold  increase  in  the  number  of  macrophages,  suggesting  an  elevated  inflammatory  response.  TQ 
also  increased  NF-kB  reporter  activity  by  50%  compared  to  levels  in  VEH  mice.  These  data  suggest  that  TQ 
exerts  both  anti-  and  pro-tumorigenic  effects,  likely  mediated  through  NF-kB  inhibition  in  tumor  cells  and  host 
inflammatory  cells,  respectively.  However,  the  net  effect  of  treatment  is  deleterious  (increased  ascites).  These 
results  caution  that  treating  ovarian  cancer  patients  with  systemic  NF-kB  inhibitors  may  have  unanticipated 
adverse  effects,  and  that  a  greater  understanding  of  the  effects  of  NF-kB  inhibition  is  necessary  before 
performing  combination  studies  with  platinum  agents  such  as  cisplatin. 


NF-kB  inhibitor  thymoquinone  enhances  cisplatin-response  in  a  syngeneic  mouse  model  of 

ovarian  cancer 
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ABSTRACT 


Ovarian  cancer  is  the  most  lethal  gynecologic  malignancy.  Activation  of  inflammatory  processes  via 
nuclear  factor-kappa  B  (NF-kB)  is  involved  in  ovarian  caneer  progression  and  linked  to  ehemotherapy 
resistanee.  The  potential  of  NF-kB  inhibitors  to  suppress  tumor  progression  and  sensitize  tumor  eells  to 
platinum  chemotherapy  has  led  to  their  suecessful  use  in  preclinical  tumor  models.  One  sueh  inhibitor  is 
thymoquinone  (TQ),  a  eomponent  of  blaek  seed  oil.  Here,  we  aimed  to  determine  whether  TQ  enhanees 
the  cytotoxic  effects  of  cisplatin  in  ovarian  cancer  eell  lines  and  in  an  established  murine  syngeneie 
model  of  ovarian  caneer.  In  sulforhodamine  B  eytotoxieity  assays,  TQ  and  eisplatin  synergized  in 
OVCAR3  and  NCI/ADR-RES  human  ovarian  eancer  eells,  and  in  IDS  mouse  ovarian  eancer  cell  stably 
expressing  the  NGL  NF-kB  reporter  plasmid  (ID8-NGL).  In  ID8-NGL-derived  intraperitoneal  tumors  in 
immunoeompetent  C57BL/6  mice,  TQ  alone  unexpeetedly  inereased  ascites.  Howerver,  TQ  and 
cisplatin  combined  treatment  signifieantly  redueed  the  following  eompared  to  cisplatin  alone:  aseites 
formation  and  tumor  burden;  tumor  proliferation  and  apoptosis;  tumor  infiltration  of  macrophages 
positive  for  the  M2-like  pro-tumorigenie  mark,  arginase-1;  expression  of  the  M2-like  marks,  and 
mannose-receptor  and  IL-10  in  isolated  peritoneal  macrophages.  While  NF-kB  reporter  aetivity  was  not 
further  redueed  by  the  combination  compared  to  cisplatin,  the  eombination  markedly  inhibited 
expression  of  speeific  pro-tumorigenie  NF-kB  targets  sueh  as  VEGF.  We  have  established  a  strong 
rationale  for  targeting  NF-kB  to  enhance  eytotoxieity  of  the  established  ovarian  caneer 
chemotherapeutic,  cisplatin,  which  has  the  potential  to  improve  response  of  a  signifieant  number  of 
patients  with  recaleitrant  disease. 
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BACKGROUND 


Ovarian  cancer  is  the  most  common  cause  of  death  from  gynecologic  malignancies  in  the  United 
States  (1).  Most  women  with  epithelial  ovarian  cancers  are  diagnosed  with  advanced,  metastatic  disease 
characterized  by  widespread  peritoneal  carcinomatosis  and  abdominal  ascites  (2).  Overcoming  tumor 
resistance  to  platinum  chemotherapy  is  a  key  objective  for  prolonging  life  in  women  with  advanced 
disease. 

The  nuclear  factor-kappaB  (NF-kB)  signaling  pathway  is  known  to  play  an  important  role  in 
several  malignancies,  including  ovarian  cancer  (3-8).  Constitutive  activation  of  NF-kB  is  observed  in  a 
large  subset  of  ovarian  tumors,  is  associated  with  tumor  growth,  progression  and  resistance  to 
chemotherapy,  and  is  an  important  molecular  link  between  inflammation  and  cancer  (3-8).  Inhibitors  of 
NF-kB  are  known  to  suppress  angiogenesis  and  progressive  tumor  growth  (9),  and  potentiate  the  anti¬ 
tumor  activity  of  cytotoxic  agents  (10),  in  preclinical  models  of  ovarian  cancer.  A  common  mechanism 
of  resistance  to  the  anti-tumor  effects  of  the  established  chemotherapeutic  drug  cisplatin  in  ovarian 
cancer  cells  is  induction  of  NF-kB  (11).  A  promising  NF-kB  inhibitor  used  in  preclinical  models  is 
thymoquinone,  a  product  of  the  medicinal  plant  Nigella  sativa  (12).  Thus,  an  evolving  strategy  in 
ovarian  cancer  treatment  is  the  combination  of  NF-kB  inhibitors  with  current  platinum-based  regimens. 

Equally  relevant,  but  less  understood,  are  the  potential  effects  of  systemic  NF-kB  inhibition  in 
host  cells.  Ovarian  tumors  are  known  to  polarize  macrophages  in  the  tumor  microenvironment  to  display 
pro-tumorigenic  characteristics  via  aberrant  NF-kB  signaling  activity  (13,  19).  Classically  activated  or 
cytotoxic  anti-tumorigenic  macrophages  (also  called  Ml)  and  “alternatively”  activated  pro-tumorigenic 
macrophages  (M2)  represent  two  extremes  in  the  spectrum  of  the  macrophage  phenotype  (20).  This 
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polarization  is  part  of  a  complex  interplay  of  signaling  and  responses  between  tumor  cells  and 
inflammatory  cells  such  as  macrophages,  T  cells  and  dendritic  cells  (21-23).  Targeting  M2-like,  tumor- 
associated  macrophages  for  “re-education”  towards  a  cytotoxic  (Ml),  anti-tumor  function  by  NF-kB 
inhibition  is  a  promising  therapeutic  strategy  (13).  However,  major  gaps  in  knowledge  still  remain 
regarding  the  specific  influence  of  NF-kB,  and  the  consequences  of  inhibiting  its  activity,  in  cancer  cells 
and  host  cells  during  ovarian  cancer  progression.  We  have  shown  that  short-term  TQ  treatment  induces  a 
shift  towards  Ml  markers  in  peritoneal  macrophages  harvested  from  ascites  fluid  (14),  but  the  effects  of 
long-term  treatment  with  NF-kB  is  not  known. 

Most  preclinical  models  are  limited  by  the  fact  that  drug  effects  are  tested  on  cancer  cells  in  the 
absence  of  the  supporting  tumor  microenvironment,  essential  for  cancer  progression  in  vivo.  For  this 
reason,  we  generated  a  mouse  syngeneic  model  that  simulates  the  intraperitoneal  abdominal 
carcinomatosis  accompanied  by  ascites  formation  characteristic  of  human  ovarian  cancer.  IDS  mouse 
ovarian  cancer  cells  were  stably  transfected  with  an  NF-kB  reporter  plasmid,  which  allows  us  to  track 
changes  in  patterns  of  NF-kB  activity  during  tumor  progression  and  in  response  to  drug  treatment  (14) . 

In  cultured  ID8-NGL  cells  and  in  ID8-NGL-derived  intraperitoneal  tumors  in  immunocompetent 
C57BL/6  mice,  we  show  that  combined  TQ  and  cisplatin  treatment  lead  to  synergistic  anti-tumor  effects 
in  vitro,  and  reduced  tumor  burden  proliferative  and  apoptotic  marks  in  tumors.  Consistent  with  these 
effects,  analysis  of  ascites  fluid  showed  that  the  TQ/cisplatin  combination  reduced  tumor  infiltration  of 
arginase-1 -positive  (M2-like)  macrophages,  reduced  expression  of  key  pro-tumorigenic  cytokines  or 
growth  factors  (ex  IL-10,  VEGF)  in  the  soluble  fraction  and  M2-like  markers  (ex  mannose  receptor,  IL- 
10).  Since  improving  the  response  to  cisplatin  is  a  critical  question  in  the  clinical  management  of 
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ovarian  cancer,  our  results  provide  strong  preclinical  evidence  for  the  considerable  potential  of  NF-kB 
inhibition  in  sensitizing  tumor  cells  to  cisplatin-induced  apoptosis  and  growth  arrest.  Our  studies  also 
suggest  that  caution  needs  to  be  employed  in  using  systemic  NF-kB  inhibitors,  particularly  as  mono¬ 
therapy,  since  prolonged  TQ  treatment  induced  an  unexpected  and  robust  increase  in  ascites  formation. 
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MATERIALS  AND  METHODS 


Cell  culture 

Mouse  ovarian  cancer  cells  stably  expressing  a  NF-kB  reporter  plasmid,  1D8-NGL  (14,  27,  28), 
were  cultured  in  10%  FBS-supplemented  DMEM  High-Glucose  medium  with  400  pg/ml  G418,  and 
passaged  by  standard  techniques  (14).  The  human  ovarian  cancer  cell  lines,  OVCAR3,  NCI/ADR-RES 
and  SKOV-3  were  cultured  as  previously  described  (29).  Cultured  1D8-NGL  cells  were  treated  with 
increasing  concentrations  of  cisplatin  (Sigma  Chemical  Co.,  St  Louis,  MO)  and/or  the  (NF-kB  inhibitor, 
thymoquinone  (Sigma  Chemical  Co.,  St  Louis,  MO). 

Cell  viability  assays 

Sulforhodamine  B  (SRB)  assays  were  used  to  determine  cell  proliferation  and  cytotoxicity  in 
reponse  to  TQ  and/or  cisplatin  as  previously  described  (29).  Absorbance  was  measured  at  SlOnm  using  a 
Spectramax  M5  spectrophotometer  (Molecular  Devices,  Sunnyvale,  CA)  in  the  High-Throughput 
Screening  Core  of  the  Vanderbilt  Institute  of  Chemical  Biology.  The  interaction  between  fixed  ratios  of 
SAHA  and  olaparib  was  measured  with  the  Combination  Index  (Cl)  method  (30).  A  Cl  level  of  <  0.9,  Cl 
=  0.9-1. 1  and  Cl  >  1.1  indicates  synergy,  additivity  and  antagonism  respectively,  between  drug 
combinations. 

Animal  model  and  drug  treatment 

Wild-type  C57BL/6  mice  were  injected  intra-peritoneally  (IP)  with  1x10^  ID8-NGL  cells  in 
200|j.l  sterile  PBS  (14).  30  days  after  ID8-NGL  injection,  mice  were  randomized  into  the  following 
treatment  groups:  vehicle  (PBS),  TQ  (20  mg/kg  thrice  weekly),  cisplatin  (2  mg/kg  weekly)  and  the 
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TQ/cisplatin  for  30  days  (n  =  5).  No  signs  of  drug  toxicity  were  observed  in  the  single  or  combination 
treatment  miee. 

Tumor  progression  was  monitored  by  body  weight  and  abdominal  girth  measurements.  At  time 
of  sacrifiee,  abdominal  aseites  fluid  was  extraeted  with  hypodermie  syringe,  and  volume  measured.  If  no 
measurable  ascites  was  present,  peritoneal  lavages  were  performed  by  injecting  8  ml  PBS  intra- 
peritoneally  and  carefully  extraeting  the  fluid  with  a  hypodermic  syringe  (14).  Tumor  implants  in  the 
peritoneal  wall  and  the  mesentery  were  harvested  and  snap  frozen  or  formalin-fixed  for  further  analysis. 
The  experimental  protoeol  was  reviewed  and  approved  by  the  Institutional  Animal  Care  and  Use 
Committee  at  Vanderbilt  University. 

Luciferase  assays 

Lueiferase  activity  was  measured  in  harvested  tumors  following  tissue  homogenization  in  1  ml 
passive  lysis  buffer,  and  in  whole  eell  protein  extracts  from  cells  grown  in  vitro,  using  the  Promega 
Lueiferase  Assay  system  (Madison,  WI).  Activity  was  analyzed  using  a  GloMax  Luminometer 
(Promega).  Results  were  expressed  as  relative  light  units  (RLU)  normalized  for  protein  eontent,  as 
measured  by  the  Bradford  assay  (Bio-Rad,  Hereules,  CA). 

Analysis  of  ascites/peritoneal  lavage  fluid 

Aseites  or  peritoneal  lavage  fluid  was  centrifuged  at  1500  rpm  for  5  minutes  to  separate  cells 
from  supernatant.  Where  applieable,  red  blood  cells  were  lysed  by  ACK  lysing  buffer  aecording  to 
manufaeturer’s  instructions  (Invitrogen,  Carlsbad,  CA).  An  aliquot  of  cells  were  suspended  in  PBS  with 
1%  BSA  for  total  eell  counts  using  a  grid  haemocytometer.  Cells  were  then  either  snap-frozen  for  RNA 
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extraction,  or  centrifuged  onto  microscope  slides  using  a  Thermo  Cytospin  II  Cytocentrifuge  (500  rpm 
for  10  minutes)  for  differential  counts  of  inflammatory  cells  in  hematoxylin  and  eosin-stained  cells  or 
immuofluorescence  analysis.  Cytokine/growth  factor  composition  in  the  soluble  fraction  of  ascites 
harvested  from  drug-treated  mice  was  analyzed  by  a  mouse  cytokine  array  plate  and  VEGF  ELISA 
(Signosis  Inc.,  La  Jolla,  CA). 

RNA  extraction  and  quantitative  RT-PCR  (QPCR) 

RNA  from  snap-frozen  tumors,  ascites  fluid  or  peritoneal  lavages  was  isolated  using  the  RNeasy 
Mini  kit  (Qiagen,  Valencia,  CA)  and  QPCR  performed  as  described  (14).  Steady-state  mRNA  levels  of 
the  Ml  macrophage  mark,  CC  chemokine  ligand  3  (CCL3),  the  M2  macrophage  marks,  mannose 
receptor  (mann-R)  and  IE- 10,  and  the  established  NF-kB  targets,  TNF-a  and  IL-1|3,  were  expressed 
relative  to  corresponding  GAPDH  levels  using  the  comparative  method  (31).  Relative  expression 
values  were  also  normalized  to  levels  of  the  epithelial  marker  cytokeratin-18  (CK18)  to  account  for  the 
epithelial  (tumor)  cell  component  of  ascites  or  peritoneal  lavage  fluid.  Primers  sequences  used  were  as 
previously  described  (14,  27,  28). 

Immunofluorescence/lmmunohistochemistry 

Processing,  embedding  and  sectioning  of  formalin-fixed  ID8-NGL  tumor  tissue,  and 
hematoxylin  and  eosin  staining  for  histology,  were  performed  in  The  Allergy/Pulmonary  &  Critical  Care 
Med  Division  Immunohistochemistry  Core  at  Vanderbilt  (14,  34).  Immunofluorescent  analysis  of 
formalin-fixed  paraffin-embedded  tumor  tissue  or  in  cytospin  slides  of  ascites  fluid  or  isolated 
macrophages  was  performed  using  standard  techniques  (14,  32,  33).  The  following  primary  antibodies 
were  used:  rabbit  polyclonal  anti-Ki67/Mib-l  (Abeam,  Cambridge,  UK;  1:200  dilution),  rabbit 
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polyclonal  anti-cleaved  caspase-3  (Cell  Signaling  Technology,  Beverley,  MA),  mouse  monoelonal  anti- 
pan-eytokeratin  (Abeam,  1:100),  rat  polyclonal  anti-F4/80  (AbD,  Serotec;  Raleigh,  North  Carolina, 
1:200),  and  rabbit  polyclonal  anti-arginase-1  (Santa  Cruz,  La  Jolla,  CA).  Secondary  antibodies  used 
were  goat  anti-rat  or  -rabbit  or  -mouse  eonjugated  with  Moleeular  Probes  Alexa488  or  Alexa594 
(Invitrogen).  Images  were  acquired  and  analyzed  as  previously  deseribed  (32).  For  quantifying  the 
pereentage  of,  where  applieable,  tumor  eells  or  macrophages  positive  for  these  proteins,  at  least  5 
independent  fields  were  eounted  with  at  least  200  eells  were  counted  per  sample. 

Western  blotting 

In  ID8-NGL  eells  treated  with  TQ  (25pM)  and/or  eisplatin  (IpM),  whole  cell  protein  isolation, 
subcellular  fraetionation.  Western  Blotting  and  signal  detection  were  performed  as  deseribed  (35,  36). 
Primary  antibodies  used  were  rabbit  polyelonal  anti-PARP  (Cell  Signaling  Technology;  1:1000),  rabbit 
polyclonal  anti-p65  (Cell  Signaling  Teehnology;  1:1000),  mouse  monoclonal  anti-histone  H3 
(Millipore;l:1000)  and  anti-P-aetin  (Sigma;  1:10000).  Loading  controls  were  anti-histone  H3  and  P- 
actin  (Sigma)  for  nuclear  fractions  and  whole  cell  lysates,  respeetively. 

Statistical  analysis 

Unless  otherwise  indieated,  values  shown  for  in  vitro  experiments  were  the  mean  +  SE  of  3 
independent  experiments,  with  eomparison  of  groups  performed  by  2-tailed  Student’s  t  test.  Comparison 
of  groups  in  in  vivo  experiments  was  performed  by  2-tailed  Mann- Whitney  test.  A  p  value  <  0.05  is 
considered  statistieally  significant. 
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RESULTS 


TQ  enhances  anti-tumor  effects  of  cisplatin  in  cultured  ovarian  cancer  cells. 

Since  a  potential  mechanism  of  resistance  to  the  anti-tumor  effects  of  cisplatin  in  ovarian  cancer 
cells  is  cisplatin- induction  of  NF-kB  (11),  we  tested  the  ability  of  the  NF-kB  inhibitor,  thymoquinone, 
to  sensitize  a  panel  of  ovarian  cancer  cell  lines  to  cisplatin.  We  chose  three  human  ovarian  cancer  cell 
lines,  OVCAR3,  SKOV-3  and  NCI/ADR-RES,  which  are  relatively  resistant  to  the  cytotoxic  effects  of 
cisplatin.  As  shown  in  Fig  lA,  isobologram  analysis  of  SRB  cytotoxicity  assays  demonstrated  a 
synergistic  decrease  in  viability  of  OVCAR3  and  NCI/ADR-RES  cells  treated  with  the  NF-kB  inhibitor, 
thymoquinone  (TQ)  and  cisplatin  combination.  These  findings  are  consistent  with  a  recent  report  that  in 
ovarian  cancer  cell  lines  with  epithelial  morphology  (OVCAR3,  NCI/ADR-RES),  cisplatin 
preferentially  induces  NF-kB  activity  compared  to  cell  lines  with  a  more  mesenchymal  phenotype 
(SKOV-3)  (11). 

We  have  previously  shown  that  IDS  mouse  ovarian  cancer  cells  stably  transfected  with  the  NGL 
reporter  (ID8-NGL)  are  suitable  for  tracking  NF-kB  activity  in  cultured  cells  and  in  a  syngeneic  mouse 
model  of  ovarian  cancer  (14).  Parental  IDS  cells  are  known  to  be  relatively  sensitive  to  cisplatin  (37), 
and  we  confirmed  that  IDS-NGL  cells  were  more  sensitive  to  cisplatin  than  any  of  the  human  cell  lines 
tested  (Fig  1C).  The  combination  of  TQ  and  cisplatin  displayed  synergy  in  SRB  assays  in  IDS-NGL 
cells,  as  evidenced  by  a  Combination  Index  significantly  less  than  1  at  Effective  Doses  (ED)  ED50, 
ED75  and  ED90.  Moreover,  the  pro-apoptotic  effects  of  cisplatin  were  markedly  enhanced  by 
combination  TQ  treatment  (Fig.  ID),  indicating  apoptosis  induction  was  an  important  mechanism  of 
action  of  the  anti-tumor  effects  of  the  combined  drugs.  Consistent  with  our  previous  observations  (14), 
TQ  reduced  NF-kB  reporter  activity  by  approximately  50%  in  luciferase  assays  after  24  hour  treatment. 


11 


Cisplatin  induced  a  modest,  but  statistically  significant,  increase  in  NF-kB  reporter  aetivity  (20.1  +.2.7%, 
p  =  0.045)  (Fig  IE),  whieh  was  reduced  to  levels  comparable  to  TQ  alone  by  combining  TQ  and 
cisplatin.  Collectively,  these  results  suggest  a  link  between  NF-kB  inhibition  and  enhanced  response  to 
cisplatin  in  cultured  ovarian  cancer  cells. 

TQ  enhances  anti-tumor  effects  of  cisplatin  in  a  syngeneic  mouse  model  of  ovarian  cancer. 

For  studies  in  our  established  1D8-NGL  syngeneic  mouse  model  (14),  C57BL/6  miee  injeeted 
with  1D8-NGL  eells  were  treated  with  vehiele,  TQ  and/or  cisplatin  from  day  30-60  following  tumor  cell 
injection,  and  then  saerifieed.  As  shown  in  Fig.  2A-C,  eisplatin  alone  redueed  established  indiees  of 
tumor  burden  in  mice  with  intraperitoneal  tumors,  volume  of  aseites,  number  of  peritoneal  implants  and 
mesenteric  tumor  mass  (14),  by  >80%  compared  to  vehiele-treated  mice.  Combining  TQ  and  cisplatin 
resulted  in  enhaneed  reduetion  in  peritoneal  implants  and  mesenteric  tumors  compared  to  either  drug 
alone,  with  a  similar  effeet  on  aseites  volume  that  just  failed  to  reaeh  statistical  significance  (Fig  2A-C). 
Surprisingly,  treatment  with  TQ  alone  indueed  a  2-fold  increase  in  aseites  volume,  with  no  overall  effect 
on  peritoneal  or  mesenterie  tumors.  We  have  eonfirmed  these  observations  for  TQ-only  treatment  in 
several  additional  experiments  (data  not  shown). 

Immunofluoreseence  analysis  of  tumors  demonstrated  that,  consistent  with  effeets  on  tumor 
burden,  cisplatin  reduced  the  pereentage  of  cells  positive  for  the  proliferation  marker,  Ki67/mib-l  by  83 
+  6%  and  increased  eells  showing  expression  of  the  apoptosis  marker  eleaved  easpase-3,  apoptosis  (Fig. 
2D-E).  Compared  to  cisplatin  or  TQ  treatment  alone,  the  TQ/cisplatin  eombination  significantly  greater 
levels  of  apoptosis  (Fig.  2D-E),  eonsistent  with  our  in  vitro  results. 
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Contrasting  drug  effects  on  NF-kB  reporter  activity  were  observed  in  harvested  ID8-NGL 
tumors  compared  to  cultured  cells.  As  shown  in  Fig  3A,  treatment  with  TQ  unexpectedly  led  to  an 
overall  increase  in  NF-kB  reporter  activity  in  luciferase  assays.  However,  combining  TQ  and  cisplatin 
abrogated  TQ-stimulation,  leading  to  overall  similar  levels  compared  to  vehicle  and  cisplatin  alone  (Fig 
3A).  Supporting  our  results,  QPCR  analysis  of  steady-state  mRNA  levels  of  the  established  NF-kB 
targets,  TNF-a  and  IL-ip,  in  drug- treated  tumors  revealed  a  similar  pattern  of  effect  to  the  luciferase 
assays  (Fig  3B).  We  also  determined  TNF-a  and  IL-ip  mRNA  expression  in  macrophages  isolated  from 
ascites  fluid  using  a  differential  adhesion  method  (Fig  3C).  Expression  of  both  genes  was  robustly 
stimulated  by  TQ  treatment,  an  increase  that  was  completely  abrogated  in  the  TQ/cisplatin  combination. 
Although  cisplatin  alone  significantly  reduced  TNF-a  mRNA  levels,  overall  expression  levels  of  both 
genes  were  similar  following  treatment  with  combined  TQ/cisplatin  and  vehicle  treatment.  Combined 
with  the  tumor  data  above  (Fig  17B),  our  results  suggest  that  in  contrast  to  cultured  cells,  enhanced  anti¬ 
tumor  effects  of  TQ/cisplatin  compared  to  vehicle  or  cisplatin  alone  were  not  mediated  by  reduced  NF- 
kB  activity  in  tumors  or  macrophages. 

Analysis  of  macrophage  infiltration  into  tumors 

We  have  previously  demonstrated  extensive  macrophage  infiltration  into  intraperitoneal  tumors 
derived  from  ID8-NGL  cells  (14).  In  order  to  assess  whether  drug  effects  on  tumor  burden  were 
reflected  in  changes  in  macrophage  infiltration  and/or  macrophage  populations,  we  measured  expression 
of  the  well-established  macrophage  marker,  F4/80,  and  the  marker  of  M2-like  macrophages,  arginase-1, 
in  IF  assays.  Representative  images  are  shown  in  Fig  4A.  As  shown  in  Fig  4B,  the  TQ/cisplatin 
combination  significantly  reduced  the  percentage  of  cells  staining  positive  for  arginase-1  compared  to 
vehicle,  TQ  and  cisplatin  alone.  In  contrast,  overall  macrophage  infiltration,  measured  by  the  percentage 
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of  F4/80-positive  cells,  was  not  changed  by  cisplatin  alone  or  in  combination  with  TQ,  but  was 
markedly  increased  by  TQ  treatment.  These  results  indicate  that  the  TQ/cisplatin  combination  induced 
changes  in  the  tumor  microenvironment  prohibitive  for  tumor  progression. 

Analysis  of  ascites  fluid  demonstrated  reduced  levels  of  M2  macrophage  markers  and  pro- 
tumorigenic  cytokines  with  combined  TQ/cisplatin  treatment. 

We  have  established  that  the  enhanced  response  to  TQ/cisplatin  in  our  syngeneic  model  was  not 
mediated  by  a  TQ-mediated  reduction  in  NF-kB  activity  in  tumors,  but  was  potentially  mediated  by 
changes  in  the  local  tumor  microenvironment.  In  order  to  more  completely  understand  drug  effects  on 
the  tumor  microenvironment,  particularly  the  role  of  peritoneal  macrophages,  we  analyzed  the  cell  and 
soluble  components  of  ascites  fluid. 

We  have  previously  shown  that  mononuclear  cells,  particularly  macrophages,  are  the 
predominant  inflammatory  cell  population  in  the  peritoneal  cavity  of  ID8-NGL  tumor-bearing  mice  (14). 
In  harvested  ascites  or  peritoneal  lavage  fluid  from  drug-treated  mice,  we  first  performed  morphological 
analysis  of  cytospin  slides  and  demonstrated  an  overall  decrease  in  mononuclear  cells  with  cisplatin 
treatment  compared  to  vehicle  (Fig  5A).  TQ  alone  markedly  increased  mononuclear  cell  number, 
consistent  with  an  elevated  inflammatory  response,  which  was  decreased  by  the  TQ/cisplatin 
combination  to  levels  comparable  to  those  of  cisplatin  treatment  alone  (Fig  5A).  Further  dissection  of 
the  specific  macrophage  populations  present  was  performed  in  isolated  macrophages.  First,  QPCR 
analysis  showed  that  cisplatin  significantly  reduced  expression  of  established  markers  of  pro- 
tumorigenic  M2-like  macrophages  (mannose-receptor  and  IL-10)  and  increased  expression  of  an  anti- 
tumorigenic  Ml-like  mark,  CCL3  (Fig.  5B).  The  TQ/cisplatin  combination  also  led  to  significant 
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reduction  of  the  stimulatory  effects  of  TQ  alone  on  the  M2  marks  (Fig.  5B)  and  tended  to  increase  CCL3 
expression  compared  to  cisplatin  alone,  an  effect  that  just  failed  to  reach  statistical  significance  (p=0.056, 
Mann- Whitney  test).  Second,  immunofluorescence  analysis  of  the  established  M2  marker,  arginase-1,  in 
isolated  F4/80-positive  macrophages  demonstrated  a  similar  induction  of  expression  by  TQ  alone 
expression  to  mannose-receptor  or  lL-10  above  (Fig  5C).  Cisplatin  significantly  reduced  the  number  of 
arginase-1 /F4/80  double  positive  cells  alone  and  when  combined  with  TQ. 

We  analyzed  the  cytokine  profile  of  ascites  fluid  harvested  from  drug-treated  mice  using  a 
commercially  available  cytokine  array  plate  (Signosis  Inc.).  As  shown  in  Fig  5D,  there  was  evidence  of 
co-ordinated  regulation  of  cytokines  Both  cisplatin-  and  TQ/cisplatin-treated  mice  displayed  up- 
regulation  of  multiple  cytokines  with  known  anti-tumorigenic  functions  (CCL3,  TNF-a,  CCL5,  IL-17a) 
and  down-regulation  of  pro-tumorigenic  cytokines  (IL-10,  MCP-1)  (38-39)  and  growth  factors  linked  to 
angiogenesis,  increased  vascular  permeability  and/or  epithelial-mesenchymal  transition  (VEGF,  IGF-1, 
FGF-2)  (39-41).  Finally,  in  ELISA  assays  of  ascites  fluid,  we  confirmed  that  the  TQ/cisplatin 
significantly  reduced  levels  of  VEGF  compared  to  cisplatin  alone  and  vehicle  and  completely  abrogated 
the  stimulatory  effect  of  TQ  (Fig  5E). 
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DISCUSSION 


Cisplatin  resistance  is  common  in  ovarian  cancer,  and  a  key  mechanism  of  resistance  to 
cisplatin-mediated  cytotoxicity  is  induction  of  NF-kB  (11).  Therefore,  we  tested  the  ability  of  the 
promising  NF-kB  inhibitor,  TQ,  to  sensitize  ovarian  cancer  cells  to  cisplatin  in  established  preclinical 
models.  We  demonstrated  that  the  combination  of  the  NF-kB  TQ  and  established  cisplatin  chemotherapy 
has  synergistic  anti-tumor  effects  in  cultured  human  and  mouse  ovarian  cancer  cells.  Enhanced  anti¬ 
tumor  effects  compared  to  either  drug  alone  were  also  observed  in  a  syngeneic  mouse  model  that 
recapitulates  the  peritoneal  carcinomatosis,  ascites  formation  and  inflammatory  cell  infiltrates, 
particularly  peritoneal  macrophages,  of  human  disease  (14).  The  combination  reduced  ascites  formation 
and  tumor  burden;  tumor  proliferation  and  apoptosis;  expression  of  the  M2-like  marks,  mannose- 
receptor  and  IL-10,  in  isolated  peritoneal  macrophages;  and  expression  of  pro-tumorigenic  cytokines 
and  growth  factors  in  ascites  fluid,  such  as  IL-10  and  VEGF  (38-41).  We  also  showed  that  infiltration  of 
tumors  by  macrophages  was  sensitive  to  combined  TQ  and  cisplatin  treatment,  since  a  strong  reduction 
in  macrophages  positive  for  the  M2-like  pro-tumorigenic  mark,  arginase-1,  was  observed  compared  to 
cisplatin  alone.  Our  observations  are  consistent  with  studies  demonstrating  a  key  role  for  immune  cell 
infiltration  in  both  progression  and  regression  of  ovarian  tumors  following  drug  treatment  (21-23). 

There  were  contrasting  effects  on  NF-kB  reporter  activity  between  cultured  ID8-NGL  cells  and 
in  tumors.  TQ-mediated  inhibition  of  basal  and  cisplatin-induced  NF-kB  activity  was  associated  with 
cytotoxicity  in  vitro.  In  contrast,  there  was  no  overall  difference  in  NF-kB  reporter  activity  in  tumors 
treated  with  TQ/cisplatin  or  cisplatin  alone,  although  the  combination  markedly  inhibited  expression  of 
specific  pro-tumorigenic  NF-kB  targets  such  as  VEGF.  There  were  also  clearly  contrasting  effects  short¬ 
term  (10  day)  and  longer-term  (30  days)  exposure  of  tumor-injected  mice  to  TQ.  We  have  previously 
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published  that  short-term  TQ  treatment  reduces  NF-kB  reporter  activity  in  tumors  accompanied  by 
increased  expression  of  the  Ml -like  macrophage  marker  CCL3,  suggestive  of  anti-tumor  activity.  By 
contrast,  30  day  TQ  treatment  unexpectedly  resulted  in  stimulation  of  NF-kB  reporter  activity  in  tumors 
accompanied  by  markedly  increased  ascites  formation,  expression  of  M2  macrophage  marks  in  tumor- 
infdtrating  macrophages  and  those  isolated  from  ascites  fluid,  and  of  VEGF  levels  in  ascites.  These 
observations  are  suggestive  of  an  elevated  inflammatory  response  with  prolonged  exposure  to  a  systemic 
NF-kB  inhibitor  in  our  model.  It  is  possible  that  this  effect  is  mediated  by  off-target  actions  of  TQ,  since 
it  is  not  a  specific  NF-kB  inhibitor.  These  observations  are  consistent  with  a  recent  study  in  a  lung 
cancer  model  showing  that  prolonged  treatment  with  the  NF-kB  inhibitor  bortezomib  has  pro- 
inflammatory  effects  and  promotes  tumor  progression  (42).  In  contrast,  short  exposure  to  bortezomib 
produces  the  anticipated  effects  of  inhibiting  tumor  cell  growth  in  that  study.  Increased  ascites  in 
response  to  prolonged  exposure  to  systemic  NF-kB  inhibitors  has  high  potential  relevance  to  the  clinic, 
since  select  NF-kB  inhibitors  are  being  used  as  mono-therapy  and  in  combination  with  other 
chemotherapeutic  drugs  in  clinical  trials  in  ovarian  cancer  patients. 


In  conclusion,  our  studies  suggest  caution  needs  to  be  employed  in  the  use  of  systemic  NF-kB 
inhibitors  and  emphasizes  the  need  for  therapy  specifically  targeting  NF-kB  signaling  in  tumor  cells  and 
directly  modulating  its  activity  in  specific  inflammatory  populations,  such  as  macrophages.  Since 
improving  the  response  to  cisplatin  is  a  critical  question  in  the  clinical  management  of  ovarian  cancer, 
our  results  provide  strong  rationale  for  future  clinical  studies  of  the  role  of  targeting  NF-kB  in 
sensitizing  resistant  tumors  to  cisplatin  in  a  significant  number  of  patients. 
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FIGURE  LEGENDS 


Figure  1.  TQ  and  dsplatin  synergistically  decrease  cell  viability  in  cultured  ovarian  cancer  cells. 

(A)  SRB  assays  showing  drag  effects  of  TQ  and/or  cisplatin  (concentrations  in  mM,  72  hours)  in  3 
human  ovarian  cancer  cell  lines  (NCI/ADR-RES,  OVCAR3,  SKOV-3)  and  the  mouse  ovarian  cancer 
cell  line,  ID8-NGL.  Isobologram  analysis  for  (B)  NCI/ADR-RES,  OVCAR3  and  SKOV-3  cells  and  (C) 
ID8-NGL  cells  showing  Combination  Index  for,  where  applicable.  Effective  Doses  (ED)  ED50,ED75 
and  ED90.  A  combination  <  1  indicates  a  synergistic  drag  interaction  between  TQ  and  cisplatin.  Values 
are  mean  +  SE  for  3  experiments;  *  p  <  0.01,  Student’s  t  test.  N/A;  not  applicable.  (D)  Western  Blot 
analysis  of  cleaved  PARE  following  24  hour  treatment  of  ID8-NGL  cells  with  TQ  (25 pM),  cisplatin 
(IpM)  or  the  combination.  Actin  was  used  as  a  loading  control.  (E)  Luciferase  assay  of  ID8-NGL  cells 
following  24  hour  treatment  with  TQ  (25  pM),  cisplatin  (IpM)  or  the  combination.  Values  are  mean  + 
SE  for  3  experiments;  *  p  <  0.01  compared  to  control,  Student’s  t  test. 

Figure  2.  TQ  and  cisplatin  combine  to  decrease  tumor  burden  and  tumor  cell  proliferation  and 
apoptosis.  In  BL/6  mice  injected  with  ID8-NGL  cells  and  treated  with  vehicle,  TQ,  cisplatin  or  the 
combination.  (A)  ascites  fluid  volume,  (B)  number  of  peritoneal  implants  and  (C)  mesenteric  tumor 
mass  was  measured  at  sacrifice.  Values  are  mean+SD  for  5  mice  per  group.  (D)  The  percentage  of  tumor 
cells  positive  for  the  (D)  proliferation  marker  Ki67/mib-l  and  cleaved  caspase-3  staining  in  ID8-NGL 
tumors  harvested  from  mice  treated  with  vehicle,  TQ,  cisplatin  or  the  combination.  (E)  Representative 
fields  of  drag-treated  tumors.  Ki67/mib-l  or  cleaved  caspase-3  are  in  green.  DAPI-stained  nuclei  are  in 
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blue.  *  p  <  0.01  relative  to  vehicle;  NS:  not  significant  relative  to  vehicle;  all  p  values  determined  by 
Mann- Whitney  test. 

Figure  3.  NF-kB  activity  in  ID8-NGL  tumors  treated  with  TQ  and/or  cisplatin.  BL/6  mice  were 
injected  with  ID8-NGL  cells  and  treated  with  vehicle,  TQ  (20  mg/kg),  cisplatin  (2  mg/kg)  or  the 
combination.  (A)  Luciferase  assays  of  NF-kB  reporter  activity  in  harvested  ID8-NGL  tumors.  QPCR 
analysis  of  the  established  NF-kB  target  genes,  TNF-aand  IL-1|3,  in  (B)  harvested  tumors  and  (C) 
isolated  macrophages  from  ascites  fluid.  Relative  expression  was  calculated  using  corresponding 
GAPDH  levels  as  the  internal  control.  *  p  <  0.01  relative  to  vehicle;  NS:  not  significant  relative  to 
vehicle;  all  p  values  determined  by  Mann- Whitney  test. 

Figure  4.  Macrophage  infiltration  in  tumors  treated  with  TQ  and/or  cisplatin.  BL/6  mice  were 
injected  with  ID8-NGL  cells  and  treated  with  vehicle,  TQ  (20  mg/kg),  cisplatin  (2  mg/kg)  or  the 
combination.  (A)  IF  analysis  of  expression  of  the  macrophage  markers  F4/80  (green)  and  arginase-1 
(red).  DAPI-stained  nuclei  are  in  blue.  (B)  Quantification  of  the  percentage  of  total  cells  positive  for 
F4/80  and  cells  co-staining  for  F4/80  and  arginase-1.  Values  were  determined  from  5  representative 
fields  at  high  power  (x40).  *  p  <  0.01  relative  to  vehicle;  NS:  not  significant  relative  to  vehicle;  all  p 
values  determined  by  Mann- Whitney  test. 

Figure  5.  Macrophage  and  cytokine  profile  analysis  in  ascites  from  drug-treated  mice.  (A)  Overall 
number  of  mononuclear  cells  increased  in  ascites  collected  from  TQ-treated  mice,  as  quantified  in 
differential  cell  counts  of  H&E-stained  cytospin  slides.  (B)  QPCR  analysis  of  the  mRNA  expression  of 
the  markers  of  M2  macrophages,  mannose-receptor  (mann-R)  and  interleukin- 10  (IL-10)  and  Ml 
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macrophages,  CCL3,  in  RNA  extracted  from  peritoneal  lavages  or  aseites  fluid.  Values  were  normalized 
to  eorresponding  levels  of  GAPDH  mRNA  expression.  (C)  Immunofluoreseent  detection  of  the  M2 
maerophage  marker,  arginase-1,  in  F4/80  positive  maerophages  isolated  from  aseites  fluid.  (D) 
Cytokine/growth  factor  profiles  in  aseites  from  drug-treated  miee.  (E)  VEGF  levels  in  aseites  fluid  was 
measured  by  ELISA  and  expressed  relative  to  eorresponding  protein  levels.  Values  are  mean-i-SE  for  3-5 
miee  per  group.  *  p  <  0.01  relative  to  vehicle;  NS:  not  significant  relative  to  vehicle;  all  p  values 
determined  by  Maim- Whitney  test. 
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